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PREFACE. 



The leading American Engineering Schools have long 
needed a text-book on the subject of the Law of Contracts and 
Engineering Specifications. In the absence of any such text, 
this department of engineering practice has received scant and 
meagpre treatment at the hands of these schools. This work has 
been written primarily to serve this purpose. After it was 
completed, however, it seemed to the author it might prove of 
value to the profession at large and also to contractors, espec- 
ially those portions of it treating of the Law of Contracts and 
of the General Clauses in Specifications. 

While the author makes no pretension to a knowledge of 
law, he has read the standard authors on this subject, and has 
for some years lectured on contracts and specifications to his 
engineering students. He has tried to follow strictly the rec- 
ognized authorities in all he has said in this work, and while 
he thinks his synopsis may serve as a good general g^ide tq the 
fundamental principles of the subject, he recommends that the 
reader refer all important particular cases to his attorney, or 
else consult the standard works themselves. If a single volume 
is desired containing a general review of the Law of Contracts, 
the layman can not do better than obtain that of John D. Law- 
son, of the Law Department of the Missouri State University. 
Another similar, and perhaps better work for the young law- 
yer, is that of J. P. Bishop; while Parson's three-volume work 
is the recognized standard authority for the lawyer. 
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4 PREFACE. 

Since this work is designed only for laymen, however, the 
author may well quote the maxim that '^the man who is his own 
lawyer has a fool for a client." The brief synopsis of the law 
herein given, therefore, is not intended to remove the necessity 
of consulting a lawyer on all important matters, but only to 
enable one to steer clear of some of the legal pitfalls which lie 
in the way of every business man and especially of engineers. 

Since custom has laid on engineers and architects the duty 
of writing specifications and contracts, it is well for them to 
know something of the legal ground they are forced to traverse. 
The first part of this work is intended, therefore, to serve as a 
cautionary warning against legal entanglements, rather than as a 
counselor or guide through such difficulties. The synopsis of the 
Law of Contracts as here given has been revised by a very 
competent legal authority, and the author is indebted to him 
for many valuable suggestions and corrections. It probably 
will not mislead one into trouble, though it may not always 
point the way out. 

The author also wishes to acknowledge his indebtedness 
to the many prominent engineers who have kindly sent him 
copies of their latest specifications for use in this work, and he 
has acknowledged this debt in the body of the book by append- 
ing to each quotation the initials of the person quoted. A key 
to these initials is given on page 6. 

The illustrative examples of engineering specifications 
given in Part III are selected so as to cover a wide field with 
as little repetition as possible. They are not given to be blindly 
copied, but rather as illustrating a good method of treating tlie 
subject, and to serve as patterns as to manner as well as to 
matter. As the best engineers seldom copy their own specifi* 
cations or use them unchanged a second time, much less can 
one safely copy unchanged the specifications of another. In 
fact the writing of engineering specifications is wisely left for 
engineers of large experience, but as the younger men have to 
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enforce them and serve as inspectors under them, they should 
in all cases understand fully why they have been drawn in a 
particular way. 

That this somewhat crude effort may serve to held engi- 
neers and architects to a more efficient and satisfactory per- 
formance ol their professional duties, is the hope and aim of 

The Author. 

note for the second edition. 

There is added in this edition a very complete set of spec- 
ifications for the machinery, track, and overhead construction 
of electric railways, for both cities and country towns, these 
having been drawn by two of the leading engineers of the 
country in this class of work. It is thought these will add 
greatly to the value of the book. 

Just previous to the issuing of the second edition of this 
work there has app>eared Prof. Wait's remarkable work on 
JSngineering and Architectural yurisprudence. This is an 
exhaustive treatise of 900 pages, in which more than five thou- 
sand cases are cited, and the law of construction fully elabo- 
rated in all its phases. Every engineer charged with the 
drawing of important specifications, every contractor bidding 
on large works, and every lawyer whose practice takes him into 
this field should have in his library a copy of this most valuable 
work. For all matters pertaining to the strength or other qual- 
ities of engineering materials the reader is now referred to the 
author's recent work on the Materials of Construction. Both 
of these books are published by John Wiley & Sons, New 
York. 

St. Louis, May, 1S98. 
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PART I. 



BRIEF SYNOPSIS OF SUCH PORTIONS OP TUB 

Law of Contracts 

AS BEAR ON THE CARRYING OUT OF 

Engineering or Architectural Construction. 



1. Introductory. The Law of Contracts is said to be 
as simple and as readily comprehended by the layman as any 
department of the law. Two standard single volume works 
on the law of contracts are those of Bishop and of Lawson,* 
to which the reader is referred for a more complete treatment 
of the subject, and from which the following synopsis has been 
principally derived. In this synopsis only such rules and prin- 
ciples are incorporated as may be profitably presented to under- 
graduate students in our leading engineering schools. The 
practicing engineer or architect may also find them valuable, 
however, as furnishing to him certain guiding principles, the 
recognition of which will frequently enable him to avoid legal 
complications and inherent weaknesses in the drawing of speci- 
fications and other documents pertaining to contracts. This 
work is intended to emphasize the necessity of consulting 
competent legal authority in all important matters rather than 
to enable one to dispense with such reliance. 

2. Essential Elements of a Legal Contract. A 

contract is a promise to do or to refrain from doing some act 



« Enfrineers and Contractors will find Prof. Wait's work, described on page 5, of 
most value for all cases arising in their practice. 
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which the law will enforce. The law will not enforce an agree- 
ment unless the following essentials are fulfilled. 

First. The parties must be competent to make the agree- 
ment. 

Second. The subject-matter must be lawful. 

Third. The parties must have mutually assented or 
agreed to the conditions named, or they must have been of the 
same mind and intention concerning the subject-matter. 

Fourth. Except in the case of sealed contracts there 
must be a valuable consideration. 

The four essentials of a legal contract, therefore, may be 
grouped under the four words, Competency, Legality, Agree- 
ment, and Consideration. 

3. Two General Classes of Oontracts. There are 

in general two kinds of contracts, namely: contracts made 
under seal, called sealed contracts ox specialties (see Art. 28), 
and simple written or oral agreements unaccompanied with tlie 
formality of a seal, called parole contracts. 

A sealed contract is a written agreement signed by the 
parties, the signatures, having appended to them what is com- 
monly known as a seal. Formerly a seal consisted of "An 
impression on wax, or paper, or some other tenacious substance 
capable of being impressed." Now, however, an impression 
of a seal on the paper itself is commonly construed as a proper 
seal, and in many states by statute a mere scroll enclosing the 
word **sear' made opposite the name of the signer is sufficient. 

Engineering contracts are often executed under seal, 

though preferably not, while the bond which holds the sureties for 

the faithful performance of the work by the contractor must be 

under seal. This is necessary because the agreement of the 

bondsmen to become responsible for the faithful performance 

of the contract by the contractor is not usually supported by a 

valuable consideration. 

The principal difference between a sealed contract and one 

not under seal is that in the former case a valuable considera- 
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tion is not required to support the agreement, while in the lat- 
ter case the contract is invalid unless such a consideration can 
be shown to exist* 

The affixing of a seal to a signature implies a special care 
and deliberation on the part of the signer, more than can be 
assumed in the case of a simple signature. It is for this 
reason that a consideration is not required to support a sealed 
contract. 

The mere existence on the document of a printed scroll 
or word ''seal" on the lines provided for signatures does not 
constitute a sealed document unless these words or scrolls were 
so intended by the signers. 



OOMPETENOY. 



4. Oompetency of Individuals. A sane person 

who has attained his majority is competent to make any legal 
agreement or contract. The disabilities of married women 
in the matter of contracts are numerous, but will not here be 
entered upon. Neither will any reference be made to those 
disabilities pertaining to aliens, convicts, infants, insane per- 
sons, and drunkards. 

6. Oompetency in Governmental Relations. 

The national or any state government may become a party to 
a contract, and such government may sue on its contracts and 
enforce them, but the converse of this is not true. Neither the 
United States nor any state can be sued without its consent. -f 
The only remedy for a person who seeks the enforcement of a 
contract with such a government is an appeal to congress or to the 
state legislature. Many of the states of the south have repudiated 

*bee subject of Consideration, Art. 24. 

t The state may consent to be a party to a salt in order to have the rights of Uie 
parties passed apon by the courts. 
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their contracts in the matter of state bonds, issued during the 
periods of reconstruction, and the bondholders have no remedy. 
Neither are public officers who negotiate contracts on the part 
of the state personally liable on contracts made in their own 
names, when these are signed in their official capacities. This 
freedom from all legal necessity to carry out its contracts is an 
essential element of sovereignty, and applies to kings and other 
more or less absolute rulers in their official relations. 

All public corporate governments, subordinate to that of 
the state, as of the county, or township, or village, or city, can 
be sued upon their contracts, and such contracts enforced when<^ 
ever these lie within their legal corporate powers.* Thus a 
county, or town, or city can not repudiate its legal obligation's, 
as the state has the privilege of doing, but these obligations can 
be enforced through the agency of the courts. For instance, 
if a county organization should wish to repudiate a particular 
issue of bonds, which have been issued and sold, because of 
some real or fancied grievance connected therewith, and if the 
county commissioners who represent the county in its corporate 
capacity should refuse to levy taxes for the payment of the 
interest or principal, the courts could order them to do so, and 
if they should refuse they could be fined and imprisoned for 
contempt. In some cases city charters have been repealed by 
the state legislature and the city changed into a ^ ^taxing dis- 
trict" in order to more readily enforce orders of the courts, in 
requiring them to fulfill the terms of some legal contract or 
obljfjalion. 

6. Competency of Semi-Public and Private Cor- 
porations. A corporation has no powers for entering into or 
performing contracts beyond those given it by the state in its 
charter.* Its capacity for transacting business, however, is not 
limited to the specific privileges granted in its charter, but is of 
necessity extended by implication to include such other powers 
as may be necessary for the complete consummation of its spe- 

*A11 legal foitnaIitie» must, however, have been complied with, and petaona con- 
tracting with such corporations must assure themselves that this has been done, other- 
%%Ise they can not recover, as the oflTicers cif such corporations, are not personally liable. 
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cific purposes. For instance, if a corporation requires the use 
of certain real estate for the transaction of its business, it can 
evidently buy and sell such property when this is intended for 
its own uses. It may also borrow money and issue therefor 
various kinds of obligations, and, in fact, it may make any 
contract which it is lawful for an individual to make, provided 
such contract relates to a subject which is within the sphere of 
its operations. 

When a contract or agreement on the part of a corpora- 
tion does not fall within its express or implied powers, it is 
termed uiira vires ^ and such contracts can not be enforced. 
The official acts of the officers or agents of a corporation bind 
it much the same as such acts would bind an individual when 
made in a private capacity, and this applies both to oral and to 
written agreements, unless the corporation charter specifically 
requires certain kinds of agreements to be in writing. 

7. OoHtractS by Agents.* A contract by an agent 
is not valid unless the principal is himself competent to enter 
into a contract. On the other hand, a contract by an agent is 
valid, provided the principal is competent, even though the 
agent be incompetent to enter into a contract as a principal. 
Thus a minor may be a competent agent, but not a competent 
principal. The agent, however, must have no adverse interest 
from that of his principal under the contract negotiated. For 
instance, he must not be interested on both sides of the agree- 
ment, if these interests are supposed to be adverse. 

The legality of the acts of an agent is similar to the legal- 
ity of the acts of a corporation. As a corporation receives its 
authority for the transaction of a particular kind of business 
from the state, and its capacity in the formation of contracts is 
limited thereby to the express and implied powers under its 
charter, so an agent receives his authority from his principal, 

* An en^neer or architect is the agent of the owner (person or corporation), and 
a4 such has the express powers given him in the contract itself or in his agreemen t 
with his employer, and also many customary implied powers. 
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upon him by his principal, and, as in the case of a corporation. 
he will be justified in tlie law in the making of Hny contract, m 
agent, which may prove to be necessary or essential to the car- 
rying out of his more specific instructions, or for the transact 
tiou of the business for which he has received special authority. 

Unlike a corporation, however, an agent may exceed both 
his express and implied authority in the making of a contract, 
and yet this contract will become binding on the ratification of 
it by his principal. This ratification may also be either e\pi-esseil 
or implied, an implied ratification consisting of a faihire to 
object or protest or to annul the contract on learning of its 
existence, or of acting under it as though consent had beea 1 
given, 

A ratification, whether express or implied, of the acts of 
an agent operates always so as to include the whole of the 
agent's acts pertaining to the particular transaction in question, 
and can not operate for the acceptance of a part, and the rejec- .' 
tion of other parts. By adopting a part, the principal is bound 
by the whole. If it appear, however, that the express or implied 
ratification was due to a mistake of fact, the principal may ' 
repudiate the action of the agent on learning of the facts. | 

If the agent wishes to avoid personal responsibility in the | 
entering into a contract, it must be understood by the other 
party that he 'S acting as an agent, and not in his own behalf. ' 
lie may, however, enter into contract in his own name, not as 
an agent, when in fact he is the agent of another party. In 
ihia case, however, the other party to the contract on learning ■ 
of the principal, has his option to enforce the contract against ' 
the agent or against the principal as he may choose. In all 
cases of contracts with agents the other pariy to the contract I 
must know of the agent's authority aside from the agent's own 
testimony in the case, as this latter is not received as evidence 
of the fact. Whatever the agent's pretended uutliority may be, 
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if it should prove that he has exceeded both his express and 
implied authorization, the principal is at liberty to repudiate 
his acts, and the other party to the contract has no remedy 
except against the agent himself. The agent's authority is 
evidenced, however, by the usual and customary transactions 
of such agent which have been accepted by his principal, and 
which have become know^n to the other party in a proposed new 
contract. Therefore as to third persons the authority of the 
agent may be implied from previous performances of similar 
acts which have come to the knowledge and received the consent 
of the principal. 

In the case of sub-agency, or of the appointment of an 
agent by an agent such authorization must proceed originally 
from the principal, or be afterwards ratified by him before the 
principal can be bound by the acts of the sub-agent. 

In order that an agent may relieve himself from responsi- 
bility in the signing of a contract, the document must reveal, 
either in its body or in the signature, who tlie principal is; a 
mere signing of a contract by a person as *'agent" will not 
relieve the party so signing from personal responsibility unless 
the document does reveal the principal. 

If an agent enters into contract in a matter beyond his 
express and implied authorization, he becomes personally liable 
to the third party, unless he reveal to such party, at the time of 
the signing of the contract, the exact relation between himself 
and his principal in such a way that this third party becomes 
aware of the dubiousness of the agent's authority. In this case 
the principal may repudiate the act of his agent and the third 
party will not be able to hold either principal or agent to the 
contract. If, however, the agent does not disclose his exact 
relations with his principal, and assumes authority beyond his 
authorization, he does become personally liable for such damage 
as may result from failure of performance on the part of his 
principal. 
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The principal is also liable for all the frauds, deceits, .and 
negligent acts of his agent so long as these pertain to the busi- 
ness he is authorized to perform. In this case, of course, the 
agent himself is liable both to his principal and to any third 
party. While if such fraud or deceit or negligent act pertains 
to matters outside the scope of his authority, the agent alone is 

liable. 

Acts of an agent continue to be binding upon the principal 

as to third persons, even if the agent's authority has been 
revoked and the agency ended, until such termination of the 
agency comes to the knowledge of such third person. This 
applies to all kinds of continuous agencies, but does not apply, 
of course, to an agency for the performance of a particular act. 
The death of the principal always acts to terminate the 
agency, which termination occurs at the instant of the death of 
the principal. This nullifies even such acts of the agent after 
the death of his principal as may have occurred before such 
death came to the knowledge of the agent ; but when the agent 
enters into contracts for his principal after the decease of the 
latter, with or without the knowledge of such decease, the 
contract is void as against the estate of the principal, and, gen- 
erally speaking, as against the agent himself, and the ^hird 
party is without remedy. In this case no notice of the termi- 
nation of the agency is required. In a few states, however, the 
rule has been adopted that the bona fide acts of the agent after 
the death of his principal and before he becomes aware of the 
fact, and which do not require the principal's signature are 
valid in favor of third parties. 



LEGALITY OF THE AGREEMENT. 
8. Kinds of Illegal Subject-Matter. No contract 

can be enforced in the courts which involves an agreement to 
perform an act which is (a) forbidden by statutory law, or ( J) 



LEGALITY. 15 

is contrary to the rules of common law, or (c) which is opposed 
to public policy. 

0. Oontraots in Breach of Statute Law. This 

subject will not here be entered upon at length. It may be 
said, in short, that all acts which are expressly prohibited by 
statute law, or all acts for which specific penalties are attached 
in national, state, or municipal laws, if made the .subject of a 
contract, such contract can not be enforced. Without here 
mentioning the acts which would be criminal or immoral, it 
may be well to call attention to a certain class of contracts 
which can not be enforced at law because the plaintiff in the 
suit has no legal standing in court. Thus where the state stat- 
ute requires a diploma or license for the practice of medicine 
or surgery, or a license to act as attorney at law, or as a sur- 
veyor, or as an engineer, a person not having such legal author- 
ization can not collect in the courts the price of his professional 
fees. 

Under this head also fall agreements to pay usurious inter- 
est, which in some states involves the forfeiture of the entire 
interest, and in a few states the entire contract becomes void 
even to the sacrifice of the principal. 

In most states all kinds of wagers are declared unlawful by 
statute and can not be collected. 

While all contracts for fire or life insurance are in a certain 
sense wagers, they are valid and lawful when the person for 
whose benefit the insurance is made can be shown to have a 
suitable interest in the property or person insured. 

In all states where Sunday labor, with the exception of 
*'works of necessity and charity," is prohibited, contracts made 

« 

on Sunday are illegal and can not be enforced. 

Where contracts in breach of statute law have been fully 
executed, in other words, where the act has been done and the 
compensation received, the law will not recognize such trans- 
actions for the purpose of annulling them. Thus, in the case of a 
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wager which has been paid, the law will not enforce the return 
of the money. 

10. Immoral Acts. The courts will not enforce an 

agreement, the object of which is forbidden either by statute 

or by common law, or which in law may be regarded as immoral 

• 
or wrong. Such agreements might relate to such subjects as 

the commission of crime ; all kinds of frauds upon creditors, 
either by way of fraudulent assignments, or by way af agree- 
ments with certain creditors to the disadvantage of others ; all 
kinds of transactions under false pretenses, as the selling of 
articles under false labels; fraudulent conveyance of real 
estate to defraud creditors ; changes in contracts after they have 
been signed, either by one party without the consent of the 
other, or by the two principals without the consent of the 
sureties; all rzts of officers of corporations in their official 
capacity, in furtherance of their private ends; fictitious bidding 
at auctions for the purpose of raising the bids of 6ona Jide pur- 
chasers ; collusion between the auctioneer and private individ- 
uals to defraud owner, and the like. 

The particular class of illegal acts in this category which 
has especial interest to engineers, is that referring to changes 
in contracts agreed to by the principals without the consent of 
the sureties or bondsmen. In all such cases if the changes are 
material, that is to say, if they are such as may be said to have 
a money value, then if these changes be made without the con- 
sent of the surety, such surety can no longer be held for any 
damage resulting from failure of his principal to fulfill his 
agreement. Since such changes are almost always made in all 
contracts after they are signed and before the work is fully 
executed, and since it is very common to neglect to obtain the 
consent of the sureties when making all such changes, these 
sureties or bondsmen are nearly always relieved from liability 
in the manner here indicated. Furthermore, if such sureties 
are consulted in regard to the proposed changes and they 
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"tttSnW DM choose to give their consent, then if they are still loJ 
be ticM for (he fulHllment of the contrnct their consent to c 
cbanges must be purchased, the same as must be done with tha-^ 
principal himself as provided for in the specifications or con- 
tract. Because of this common oversight and the resulting 
relief of these sureties, or of their opposition to allowing 
changes to be made in case they are consulted, it is becoming 
customary to provide some other kind of guarantee of fulfill- 
ment, otlier than that of personal sureties. 

11. Contracts Opposed to Public Policy, These I 
contracts may relate to all such acts as may be shown to be 
detrimental to the public welfare. Such as acts which would 
lend to iojuie the public service, or to obstruct the course o£ | 
jtulicc, or to encourage litigation, or as have an immoral tend-i 
eocy. or as will restrain the freedom of trade, o. ^s will dtmin- 1 
ikb tlio security of property and life. As such contracts in 
general have no immediate bearing upon the work of engineers 
they will not be further enlarged upon here. There is, however, 

a class of agreements commonly entered into by the principals 
to an engineering contract which are often construed in the 
courts »^ against the public policy, which will be discussed in 
die following article. 

12. AgreementB Which Refer to Arbitration. 

Tbe following discussion of this subject is taken bodily from J 
Lawson on Contracts, being article 318 of that work. 

"An agreement that matters which have arisen or may 
arise between the parties shall be referred to an arbitratur or 
urbitrators is not binding and either party may have recourse 
to the courts notwithstanding It. The reason of the rule is by 
totat traced to thejealouay of the courts and a desire to repress 
any attempt to encroach on the exclusiveness of their jurisdic- 
tion, and by others to an aversion on the part of the courts 
frttna reason of public policy to sanction contracts by which the 
protecttou which the law affords tbe citizen is renounced. 

"But when a contract contains a condition which provides 
that disputes arising out of it shall be referred to arbitration, 
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the validity of siicii a condition depends upon rather a fine dis- 
tinction. Where the amotint of damage sustained 6y a 
breach of the contract is to be ascertained by specified arbitra- 
tion before any right of action arises, the condition is good ; 
but where all matters in dispute, of whatever sort, are to be 
referred to arbitrators and to them alone, the condition is iile- 
gal. The one imposes a condition frecedent to a right oi 
action accruing, the other endeavors to prevent any right of 
action accrning at all. As well put by an English judge: 
'If a tenant covenant that he will cultivate the demised land in 
a husband-like manner and also covenants that if any dispnte 
shall arise in respect thereof it shall be referred to arbitration, 
an action may nevertheless be maintained ; but where the cove- 
nant is to pay such damages as shall be ascertained by an arbi- 
trator, no action will lie until he has ascertained them.' 

"The principle is frequently applied in the United States 
to contracts for the construction of buildings, railroads, canals 
and other worlds involving numerous details. These contnicta 
give rise to many questions which a court of law might reasona- 
bly send to a referee, "and the parties may agree that such questions 
shall be determined by an architect or engineer or by orbitra-' 
tors, and that such determination, or a bona jide effort lo 
obtain it, shall be a condition precedent to the right to bring 
an action on the contract. Contracts of insurance usually con- 
tain similar clauses. Thus an insurance policy provided that, 
in case of differences arising touching any loss or damage, the 
matter might at the request of either party be submitted to 
impartial arbitrators whose award in writing should be binding 
on the parlies to the amount of such loss or damage, 'but 
shall not decide the liability of the company under this policy;' 
also, 'it Is fnrlhermore mutually agreed that no snit or acti<in 
against this company for the recovery of any claim by virtue of 
this policy shall be sustainable in any court of law or chancery 
until an award shall have been obtained lixing the amount of 
such claim in the manner hereinabove provided.' It was held 
that no suit coutd be sustained against the objection of tti« 
company until an award had been made, although neither party 
previous to the suit had requested arbitration. 

But itmustbcespicssiy stipulated in all cases thntthe award 
or determination is a condition precedent to the right of action 
on the contract, or the agreement to arbitrate will be of no 
effect. 

Agreements of a similar nature have been held illegal, as 
aiming to oust the jurisdiction of the courts; as, for example, 
a provision in the by-laws of a benefit association that tlie 
decision of the otlicers on the claim of a member shall be final 
and conclusive. And partes arc not allowed by contract to 
vary the procedure in the courts preBcril>cd by statute. In IIH- 
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-■ribi»«l«ne contained a provision that the landlord should have 

the right to take immediate judgment against the tenant in case 

ot a default on his part without giving ihe notice and demand 

C possession and filing the complahit required by the statulc. 

|wafi held that such a provision was illegal.*' 

13. The Engineer as Arbitrator. Id the carrying 

^of engineering and building contracts, Ihe specifications are 1 
■lly GO written as to make the engineer or architect an arbitra- 1 
on almost all qnestions which can possibly arise under 
contract, and it is usual to specify that his decisions thereon 
shall be final and conclusive. In view of what is given in the 
previous article it is evident that such a clause can not operate to 
prevent a case being brought before the courts under such a con- 
tract, but when it has been so brought it evidently will operate 
to sustain the decisions of the engineer on all points which may 
be construed by ihe court as ''^conditions precedent'' to final 
cettlenient. On all questions of fact, however, which the 
court can pass upon as well as the engineer, and on all ques- 
tions o( law the court would retain its jurisdiction notwithstand- 
the agreement of both parties to submit all questions to the j 
itrbitrntion of the engineer, whose decisions were to be '"final 
and conclusive." On all questions which tlie engineer is, from 
fjat circumstances of the case, especially compelent to dclcr- 
mlnet as to quautilies and classification, as well as all questions 
which are more or less matters of opinion as classification of ] 
materials and perfection of work done, the decision of the 
engineer will be sustained under such a clause, provided it be 
not shown that he h as acted fraudulently in the matter. See | 
Article* S5 aud loS. 
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stood and assented to by both in the very same sense. How* 
cvur clear the agreement would appear to be on Us face, U it cau 
be showu that the proposition was not mutually understood in 
the same sense it can not, in general, be enforced. It must not 
be understood, however, that all pleas of having misunder- 
stood the plain and express provisions of a written contrai^t will 
relieve the party making such claim from liability under it. In 
other words the menial agreement is evidenced by the language 
used in expressing such agreement, and the law will presume 
that such words were understood, provided their meaniDg is 
plain and evident. Furthermore whatever a man's real inten- 
tion may be, if he so acts as to lead another person to reasona- 
bly suppose that he was assenting to a given proposition, and 
this person proceeds on this assumption, the olhcr party so act- 
ing becomes bound by the proposition. 

The agreement is not consummated until each party hits 
communicated to the other, either orally, by letter, or by overt 
acts, his intention in the matter. The secret or mental acceptance 
of a proposition by one or both of the parties to it does not 
complete a legal agreement, until this menial act has been 
communicated to the other party. 

A person making an offer, whether orally, by messenger, 
by mail, or by telegraph, or by public advertisement, mi 
allow a reasonable time for its acceptance, provided no til 
limit is stated in the proposition. If the acceptance is returned 
by the same asency used in sending the offer, the contract !• 
completed at the time such acceptance is delivered to such 
agency, whether the party sending the offer ever receives sudl 
acceptance or not. A person is bound by the acts of the agent 
of his own selection, and the failure of this agent to deliver to 
bim the acceptance does not operate to prevent the completion 
of tbe contract. For instance, a proposition sent by mail is 
accepted at the time the letter of acceptance is deposited in tbe 
postoflice or letter box, and a proposition sent by telegraph is 
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Bd and the contract completed at the time of the delivery 

RGgraphic reply at the telegraph office or to a telegraphic 

aigcr. 

l£ the person receiving the offer wishes it to remain open 
for a definite length of time, longer than might be construed as 
rensooable, if no time is specified, he must pay to the other 
par^ something which may be construed as a consideration for 
tbe privilege of acceptance for such specified time. On the 
olber hand, the party accepting can withdraw his acceptance if 
be aiD succeed In having his withdrawal presented to the first 
ptlty before his acceptance ha» been received. Thus an accept- 
ance by mail may be withdrawn by telegraph, provided the 
telegrnm is received before the letter. 

A mere offer may be withdrawn at any time before it is 
accepted, unless a consideration has been paid for the privi- 
lege of acceptance for a definite lime as above described, A 
formal notice of withdrawal is not always necessary, as when 
tbe party receiving the offer becomes aware of the sale of the 
property in the mean time to another. 

When an offer is made by mail or telegraph the means 
oaed lor communicating the offer become the recognized agent 
of the party making such offer, and the party receiving it is at 
liberty to accept it as received, even though a mistake may 
have been made in the transmission of the same. Thus if an 
offer is made by telegraph, and an error has been made in 
transmitting the some, the erroneous proposition may be 
accepted either by mail or telegraph, and tbe party making 
•uch offer is bound. His only remedy is to sue the telegraph 
company lor damages. This is because the party making the 
proposition assumed all responsibility for the correctness of the 
traoaraiasion by tiie agency selected by him. 

When an offer has been made and no consideration paid 
it open for a given time, it is supposed to stand for 
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what the law will consider a reasonable time, the actual length 
of time depending altogether on the nature of the transaction. 

15. Qualified assent. Whenever a proposition made 
by one party is accepted by another with any kind of qualifi- 
cation or change of the conditions or wording of the original 
proposition, such an acceptance is simply the making of a 
counter proposition to the first party, and does not constitute an 
agreement until such party has in turn assented fully to the 
entire proposition as last stated, and if he again assents to the 
proposition with further changes or amendments, it becomes 
again a new proposition, which must be agreed to by the second 
party, before it becomes binding on the party to whom it is 
sent. The assent which finally makes of the offer or proposi- 
tion a binding contract, is the full, absolute, and unconditional 
acceptance of its terms. 

16. Qualified offers. The party making the offer has 
the right to prescribe in it the time, place, form, or other con- 
dition of acceptance, in which case such offer can be accepted 
only in the manner prescribed. This privilege on the part of 
the proposer does not enable him to impose the condition, how- 
ever, that a failure to receive an acceptance by a certain time 
will be construed as an acceptance. In other words, he may 
not impose the conditions of refusal. 

17. Implied acceptance. An offer may be accepted 
by merely acting upon it, the act becoming an acceptance from 
the time it was performed. Thus an offer to purchase goods 
may be accepted by simply shipping the goods, or in the case 
of a published offer of a reward for the apprehension of a 
criminal, the act of apprehending is construed as both an 
acceptance and fulfillment of the contract. 

18. Failure of agreement by mistake. The parties 

to an agreement are bound to the fulfillment of the same in 
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accordance with the plain intent and meaning of the language 
used, whether oral or written, provided the meaning of this lan- 
guage be clear, and neither party is allowfed to plead either 
carelessness in the reading of the terms thereof or ignorance of 
the meaning of the language used. It goes almost without saying, 
however, that apparent or evident mistakes in the use of lan- 
guage will be corrected by the court. However, the following 
kinds of mistakes will lead to a decision that no contract was 
really entered into because of utter failure of the parties to 
agree to the same thing. 

(a) Mistake concerning nature of transaction, 

as where a person, by mistake, signs a document of an entirely 
different character from that which he intended to sign, as 
where he signs a bond instead of a petition, or a deed instead 
of a lease, the two documents being similar in form and 
appearance. In such cases it is held that the *'mind of the 
signer did not accompany the signature** and therefore he never 
agreed to such a proposition. If it can be shown, however, 
that the mistake resulted from negligence to read the terms of 
the proposition, and that while the signer understood in a gen- 
eral way the character of the document, but did not read it 
over carefully, or perhaps did not read it at ail, he will he held 
to the contract because of his culpable negligence. This only 
holds where the plea of fraud on the part of the other party to 
the contract is not maintained. 

(b) Mistake concerning person with whom con- 
tract is made, as ** where A contracts with B, thinking that 

he is contracting with C, there can obviously be no contract, 
for B nbt being present to A's mind, A can not be a consenting 
party to a contract w^ith B." This, of course, docs not affect 
contracts made through agents, when the agency is declared. 

(c) Mistake concerning Subject-matter of Con- 
tract. If the parties contracting engage themselveis concern- 
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iiig n thing which does not exist, such a mistake avoids the 
contract, because of the noncxisteace of the subjecl-malter. 
This applies to property which may have ceased to exist before 
the contract is BigDcd, attliough both of the parties were ignornnt 
of the fact. In all cases, however, where (he exietcnce of the 
subject-matter is in the mind of the proposer more or less doubl- 
ful and yet the offer which he makes is unconditional, he can 
lie held for damages resulting from failure, even though the 
subject-matter be nonexistent. 

A mistake prevents the consummation of a contract also, 
where each of the parties has in mind a different subject-mntter 
fiom the other. This applies to mistakes which may be con- 
sidered legitimate, as where the same words apply with equal 
force to different things, or in the case of an oral contract 
where the language was clearly misunderstood, from a failuie 
to hear the words which were really spoken. 

The remedy for a contract entered into under a mistake is 
the privilege of repudiating it on the part of the person who 
made the mistake, or the privilege of recovering, by a suit at 
law, part payment which may have been made, it being under- 
stood that the contract has not been fully executed by a com- 
plete payment. Or the case may be brought into a court of 
equity, and justice obtained by having the court correct the 
terms of the agreement, it being assumed in all these cases that 
no fraud has been committed. 

10. Misrepresentation in the Oontract. In order 
' that a misrepresentation of facts may make a contract invalid, 
it must have been made with a fraudulent intent. The mere 
falsity of a stalemenl of a material fact in tiie contract, however 
much it may have misled the other party, will not invalidale 
the document, unless a fraudulent motive accompanied Uie 
niisrcprescniation. It is necessary, therefore, to prove the 
motive of the misrepresentation before the validit>' of the con- 
tract can be passed upon. 
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If, liowever, a particular term in the contract or SOUlM 
tRtc^nl pnrt of it is bused upon a misstatement of fact, wliichll 
term or integral part can be passed upon separately from then 
body of the contract, such a misrepresentation is equivalent to 
a promise by the party making it, and if not fulfilled the other 
parly can recover damages. This, however, does not invalidnte J 
the contract as a whole. I 

A nondisclosure of fact is equivalent to a misrepresenta* I 
tion of fact, provided the disclosure properly accompanied the I 
transaction. 1 

Fraudulent misrepresentntion will be treated in the follow- 
ing article. 

Contracts for insurance, whether marine, fire, or life, and ' 
contracts for the purchase of stock in corporations, also con- 
tmcts between parties occupying intimate and confidential rela- 
tions with each other may be invalidated by misrepresentation 
of fact, which would not invalidate ordinary business or engi- 
neering contracts. (See a general treatise on tlie Law of Con- 
trscta for these cases.) 

20. Invalidity of Contract through Fraud. As 
a general rule fraud vitiates all contracts. That is to say, 
fraudulent misrepresentation by one party enables the other or 
injured party to declare the contract void from fraud, or he 
may enforce the contract against the defrauding party, at his 
own option. The defrauding party, however, has no option or i 
privilege in the way of declaring the contract void. In other I 
words, should he find that the contract was adverse to his inter- 1 
e»t9, he could not plead his own fraudulent act to his own J 
benefit. I 

Ff-itid in the sense here used consists in a "false repre- 
venlation of fact made by the party who is charged with it, with 
ft knowledge of its falsehood, or in reckless disregard whether 
^Btbe Inie DT false, with the intention that it shall be acted upon j 
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by the complaining party, and actually inducing him to act 
upon it to his damage." 

'*From the above definition the following essential ele- 
ments of fraud may with profit be stated separately : («) A 
false representation. (3) A misrepresentation of fact, (c) 
A representation made by the party charged. (</) Knowledge 
of its falsity or a reckless indifference in the matter, (c) An 
intention that it shall be acted upon by the other party. (^ A 
reliance upon it by the other party, (^g) Damage to the party 
deceived." Unless each and every one of the above essential 
elements of fraudulent misrepresentation be proved, the con- 
tract can not be avoided on the score of fraud. 

The false representation also, must refer to some material 
fact. Furthermore the concealment or nondisclosure of a 
material fact in an active manner, that is to say, an active pre- 
vention of the disclosure of material facts, may constitute fraud- 
ulent misrepresentation. 

Where the one party knows that he is being trusted by the 
other party and relied upon for the disclosure of material facts, 
as is the case when a contractor relies upon the engineer or 
architect to disclose to him the material facts pertainmg to the 
work to be done, this rule will be more rigidly applied than 
when no such confidence is imposed. 

A concealment of the real value of goods shipped by 
express or freight, or by other agency, in order to obtain such 
shipment at a lower rate, is a fraudulent misrepresentation. 

While the vendor or seller of an article is not obliged to 
make known to the purchaser the defects of the article, when 
such defects can be discovered by the buyer, yet a deliberate 
hiding of such defects on his part will be considered a fraudu- 
lent misrepresentation. As to defects which can not be dis- 
covered by the buyer, the veijdor is bound to make known to 
him such defects as he himself may be aware of* 
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WTiile known false representation of the quality or defects 
of an article made by either geller or buyer, for the purpose of 
gaining the advantage in a transaction is fraudulent, the pur- 
chaser, liowever, is not obliged to disclose his knowledge of 
d"! n»\ value of an article, which is offered to him below its 
ictual value. 

On questions which may be considered matters of opinion 
rather than questions of fact, misrepresentations do not consti- 
tuM fraud ; only misrepresentations of known facts fall in this 
Mlegory. What is not really known may be misrepresented 
wilboiit invalidating the conlracl. Neither do false representa- 
lioDl of future intention, or of questions of law, constitute 
iriud. 

The fraudulent misrepresentation must have been made by 
tlie party charged or by his agent, or with his connivance and 
t^wledge. The fraud of a third person does not invalidate 
tfie contract between two others. 

The misrepresentation must be known to be false. Some- 
times a contract may beset aside because of violent injustice 
ttlulting from a false representation, which was, however, 
Wlicved to be true. Frequently, however, a party may make 
*Mtavngant statements in a reckless manner for the purpose of 
influencing the other party to a transaction, not knowing 
whether bis statements be true or not. In such a case the will- 
ful negligence or recklessness as to the truth of his positive 
nUements will act to invalidate the contract, provided such 
ttilemenis prove to be false, the same as though he had known 
them to be false. 

The false statements must also be made with the expecta- 

lloQ that they arc to be believed and acted upon. Extravagant 

lilirmalions made in a jocular manner, and not expected to be 

believed, would not constitute fraud. 

The misrepresentation must be accepted as true, and be 

icled upon before the fraud is perfected. The burden of proof 
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here lies upon the party charging fraud, to show thnt he MS 
really act upon the statements mude. It is not necess.irj- that 
I he shall show that the fraudulent statements formed the sole 
rbasis of his action. He need only show that they contributed 
I materially to that end, and that the action would not have beer. 
I consummated without them. 

A false representation ns lo one of several material matlcis 
in a contract operates to vitiate the entire agreement. 

The party claiming fraud must also show that some actual 
I damage has been suffered. It would not be sufficient cause for 
I the annulling of a contract to show that one was fraudulently 
I led to the payment of a just debt, since no damage has in this 
e been sustained. 

21. Remedy of party defrauded. Immediately on 
discovering the fraud the party defrauded should take action, 
and he has his option of the following courses, the last two 
being remedies. 

(d) He may enforce the contract against the defrauding 
party, or take no action whatever, and allow the contract to be 

' enforced against himself. If he does not take action on dis- 
covery of the fraud, he will be supposed to have consented to 

f the enforcement of the contract, notwithstanding such fraud, 

I and he will lose his option oE resisting such enforcement. 

(i) He may nt once give notice of the rescission or 
rescinding of the contract on his part, because of fraud claimed 

'■ to have been perpetrated by the other party, and he may bring 
suit to recover damages, or he may either by word or act give 
evidence to the other party of his intention to treat the contract 
Bs null and void. 

(c) If it be practicable to reinstate the parties in their 
original relative relations, he may sue for such restoration. 
That is to say, if goods have been delivered, they may be recov- 
ered if practicable. 
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Any action tinder the contract in the way of acknowlcclg- 
j its force by the party defrniidcd, after he has discovered the 
"ftud, will operate to make ihe contract binding upon him, aa 
he will be assumed to have deliberately forfeited his right of 
rescission. It must be understood, also, thnt he can not con- 
s«Dl to the operation of a portion of the contract with the p 
lege of rejecting another portion of it to which the fraud may 
more directly relate. Since fraud vitiates the entire contract, 
the defrauded party must forfeit his privilege of rejection | 
entirely by agreeing to its terms notwithstanding the fraud, or J 
be must reject it entirely and in all its parts. He can not 
obtiiin the benefit of a part and reject another part. 

Outside of the rights described above, arising under the 
Cdotract itself, the defrauded party has the privilege at common 
law of bringing action for deceit to cover such damage as be 
may have sustained as a result of such fraudulent misrepresen- 
tation. Thts action is in addition to his privilege of avoiding 
or rescinding the contract itself. 

Furthermore a party defrauded of his property may recap- ■ 
lore it, if he is able to do so without unnecessary violence and 
without a breach of the peace, without recourse to the law and 
its agencies. 

22. Invalidity of Contract through Duress. "A 
person is said to have acted under duress when he does or 
promises to do any act not of his own free will, but la conse- 
quence of unlawful physical restraint imposed by another, or in 
consequence of threats made by another, either to do him some i 
greM bodily harm, or to unlawfully destroy hts property, or 
deprive him of the same. Promises made under duress will 
t be enforced, and money paid, or properly transferred under 
8 may be recovered." 

Contracts entered into under duress as above defined are 
~Toidable at the option of tlie constrained party, the same a 
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I though fraud had been perpetrated upon him. The cODtrx 
not voidable, however, at the option of the other party. 

23. Invalidity of Contract through Undue In- 
fluence. Where the parlies occupy a confidential relation to 
ich other, or from long association and other peculiar circum- 
I stances affording the proper and sufficient opportunities, courts 
of equity take cognizance of what may be called undue influ* 
I ence, ^vhich may act the same as fraud in persuading the person 
iter into an unfair and unVcasonable contract. Sach gn 
I the relations of the members of one family, or those ol guar- 
L^dian and w.ird, attorney and client, priest and parishioner, 
[ physician and patient, as well as those where mental weakness 
[ from old age or sickness and the like, furnish suitable oppor- 
[ (unities. 

The remedies in the case of undue inflnence are the same 

L gs those in the case of fraud, except ihat the infiiienced party 

does not lose his rights of choice of remedies by delay in 

\ action, since it is unfair to assume that such a party can a 

denly recover bis normal independence. 



CONSIDERATION. 

24. Consideration Defined. All businei 

[ such as an engineer will be called upon to enforce mast llH 

I be supported by a valuable consideration; otherwise tb(|] 

1 not enforceable. As such a consideration is always njiined'S 

specifically determined in all engineering contiacts, it i 

necessary to go into that subject here very fully. 

A "valuable consideration" in the eyes of the \uA 
some right, interest, profit, or benefit, accrutug to ona^ 
r some forbearanee, detriment, loss, or responsibility i 
iuffered, or undertaken by the other." 
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Iteration is necessary to enforce a ivTitten-B 
agreement Uic same aa would be necessary wiih an oral ogree-S 
meat. 

A contract under seal, however, does not require a con- 
sideration to enforce it. This is the principal and chantctei> 
istic difference between contracts under seal, and ordii 
written or oral contracts, both of which latter class constitute 
what is known as simple or parole agreements. 

It is not necessary that the consideration be named in ihe 

anient, or that the fact of consideration should appear ii 

agreement; it is only necessary that there shall be a con-J 
stderation in fact. 

In cases of promissory notes and other negotiable paper, 
the presumption is that there was in fact a consideration, 
whellier named in tbc document or not, and the burden of 
proof rests upon the maker of the note to show tliat there was 
in fact no consideration. 

In the states of California, Iowa, Indiana, Kansas, Ken- 
tucky and Missouri, an agreement made in writing is presumed 
ty statute law to be founded on a consideration, and is there- 
fore placed on the same basis as holds generally for negotiable 
paper. Here again the burden of proof rests upon the 
defendant to show that there was in fact no consideration. In 
both the above cases if it can be shown that the promise was 
not supported by what the law will construe as a valuable con- 
sideration, the agreement or contract fails. Bnl mutual prom- 
ises ore each a consideration to support the other. 

A promise made without a valuable consideration is con- 
«tnied by the I.iw to be gratuitous, and not enforceable, even 
though the parly to whom it was made has acted upon it, and 
.Inincd serious loss or damage thereby. 

AdeQuacy of Oonsideration. It is nut neces- 
nl the consideration named, or implied, or shown to 



I by any acceptable e 



i siiall be adciiuate to support 
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the promise. So toug as it is valuable at all, in tlie seiiKe 
defiued in the previous article it will support the full promise. 
The question of adequacy ot consideration will not be allowed 
to be put in evidence except for some ulterior purpose, as when 
it is attempted to prove fraud. 

Here the law seems to conflict with the principles of right 
and justice; but for the court to inquire into the adequacy of a 
consideration would make nearly all contracts subject to litiga- 
tion and th,e freedom and rights of the individual would be 
greatly curtailed. This rule as to adequacy, however, does not 
apply to the exchange of sums of money, for instance, whose 
absolute values are fixed and known. In tliis case the consid- 
eration must be adequate and equal. 

When the consideration is grossly inadequote, suit may be 
brought in equity and the courts will in that case sometimes 
vary the terms of the agreement in the interest of justice. 

Neither is it necessary that the consideration should have 
any assignable money value, as is plainly implied in the defini- 
tion of a consideration given in the previous article. Thus 
mutual promises are each a consideration for the enforcement 
of the other, but when the promise of one of the parties 
includes no more than it was already his legal duty to perform, 
such a promise will not support a promise made by the oppo- 
site party. For example, if A owes B a sum of money, and 
interest thereon which is due, and A promises to pay B the 
interest if he will extend the loan, which B promises to do, here 
B's promise to extend the loan is not supported by a valuable 
consideration and is therefore not enforceable. Again a 
promise to pay to a public officer more than his lawful fee for 
the performance of a public duty, is not enforceable. 

26. Agreement to Take Lees thaa Is Due. A 
very common case in the execution of contracts is that of an 
agreement by one of the parties to receive or accept less than 
the contract calla for. It is important here to distinguish 
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«e^-een sums of money or matters which are in dispute, and 
UH16 of money or matters which are not in dispute. 

If one of tlie parties agrees to accept a sum of money 
;ss than ih«t which is avowedly due him, such an agreement 
■ not enforceable, becatise of failure of consideration, unless 
>rae condition of performance accompanied the offer which 
my be construed as a consideration. If, however, the sum of 
lOtiey claimed by A is disputed by the other party B, and 
ever has been acknowledged by B as being the amount owed, 
^en and in that case an agreement on the part of A to 
accept less than his claim, when accepted by B, is enforceable. 
This is because no agreement had been made previous to this 
canopromise arrangement. 

Similarly an agreement on the part of the owner to accept 

a less amount of work or a cheaper construction on the part of 

the contractor than that contained in the written specifications 

isnotenforceabte, unless it is supported by some further act 

OB the part of the contractor, or by a corfesponding change in 

tiie price of the work, which may be construed as a considera- 

lion. If, however, the original contract provided for such 

changes as these by agreement without further consideration, 

•ocli further agreements simply modify the terms of the origi- 

Q»I contract and become a part thereof without a new considera- 

t'Oii being required. 

Where several creditors enter into a mutu.il agreement 
among themselves and with the debtor to take less than is 
wliiioivl edged to be due them, and to discharge their several 
uebts, such an agreement is held to rest on a sufficient cousid- 
*r>tion, since these mutual promises are evidently for their 
iDnttial benefit, and therefore all do receive a valuable consid* 
ctioti in support of such promises. 

If it is desired or intended that an agreement shall hold 
w&ota a corresponding consideration, such as have been 
ftftrred to above, it is only necessary to execute tlie uew agree- 
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mont under seal, in which case & consideration is not required. 

When a person brings suit aguinst another or threntcus to 
do BO, for a sum o( money cliiimed in gooJ faith to be due, 

videnced by a note or promise to pay, the dismissal of such 
suit, or a promiBe not to bring it, is a sufficient consideration for 
8 promise by the party sued, or threatened to be sued) to pay to 
the claimant a sum of money, or for a promise to do any other 
lawful act. 

In the case of on engineering contract, an agreement by 
the part.>.s to vary the terms of the original contract, which 
variation may not have been provided for in such contract, 
an agreement to vary the conditions in one particular must 
be supported by a consideration in the way of an agree- 
ment to vary the terms of the original contract in som= 
other particular which may be accepted as a consideration, or 
some other and new consideration must be provided for io 
order to support such agreement. Thus, if A has agreed to 
build a house for B in accordance with certain plans and speci- 
fications with no provision for changes of plan, if B consents 
to a change in the plans by which the cost is reduced, nitbout 
any consideration being agreed upon or mentioned for such 
change of plans, B has the privilege of changing his mintl, 
and of enfoicing the original agreement, since the second 
agreement was not supported by a consideration. In like 
manner, should A consent to a change of plans M-ithout 
naming a consideration he can not be held to such an agree- 
ment even though it be made in writing, but may continue to 
carry out the originoi agreement, which alone, is bindmg. In 
other words, all subsequent or auxiliary .igreemenls or changes 
in the original contract not provided for in the original dacu> 
ment are in fact new contracts and must each and all be sup- 
ported by a consideration. 

Promises or contracts which have been fully executed can 
not be inquired into by law, as to whether there mayhrtvc been 
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•'iaiif consideration. Thus money which has been paid without 
coneitjerntion can not be recovered, and for work exec 
before .1 promise to pny has been given or implied, no recovery 
or compensation can be obtained. 

Of tliis general character are gifts which have been made, 
the articlu having been delivered to the donee. They can not 
be recovered, neither can payment for them be enforced. An 
exception to this is where property has been given away to 
defraud creditors. In this case the person receiving the gift 
may be compelled to restore it to the creditor, <x- so much 
thereof as will discharge the creditor's claim against the donor. 

27. As to Waiver of Legal Rights. An apparent 
exception to the general rule that a promise must be supported 
by a consideration is an agreementto waive a statutory right of 
defense. Thus "a promise to pay a debt barred by the statute 
of limitations, or by a discharge in bankruptcy, though made 
without consideration is enforceable, and a. promise by an 
endorser of a bill or note to pay it, although the endorser 
knows that he has been released from all liability, from tlie 
note not having been protested when due, is likewise binding." 
In these cases the new promise is equivalent simply to waiving 
ihe legal rights of the party, after which the old promise is 
again restored to its legal status, which former promise was 
supported by a consideration. 

"But when a debt has been canceled by the act of the 

parties, as by a release under seal, which would require no 

consideration, a subsequent promise to pay tlie debt, notwlth- 

aoding the release, is not valid unless supported by a consid- 

In this case the former promise or agreement had 

a obliterated by a subsequent release under seal, and hence 

V contract would have to be made. 
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OONTBAOTS UNDER SEAL. 

28. OlasaeB of Sealed Contracts. While any con- 
tract may be executed under seal, and so become a sealed 
cootract, under the common /iriy, the following must be exe- 
cuted under seal to become binding, namely: (a) Gratuitous 
promises, (i) Contracts with corporations, (c) Conveyan- 
ces of real estate, (i/) Bonds. 

(a) If it is the purpose to make a Eratuitous promise 
legally binding on the parties, it must be executed under seal, 
and when so executed the absence of a consideration will not 
invalidate it. 

(^) The common law rule that contracts with corpora- 
tions must be executed under seal no longer obtains in the 
United States. Here a contract entered into with the proper 
officers of a corporation is valid without being sealed, the same 
as though made with an individual, unless the charter of the 
corporation specifically requires all contracts to be made under 
seal. 

(c) Deeds and mortgages do still in this country require 
the presence of a seal, except where a special statute pro- 
vides otherwise," 

((/) A bond is an instrument under seal whereby one 
acknowledges himself indebted to another in a specified sum, 
generally hut not necessarily conditioned on the performance 
of some act. Thus bondsmen or sureties in the case of an 
engineering contract are those who sign an obligation or 
«diOOwledgment of indebtedness in favor of the party letting 
ebt work, in a specified sum, condiiioned on the faithful exe- 
«W^oit of the work which the contractor has undertaken to 
Ifwtfcnn. Such an instrument, called a bond, should be exe- 
■ MMrlaoder seal. 

^IdMwkT. ud MluJiilppl. 
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The significance of a seal is losing its force in America. 
In some states a seal no longer has any significance, whatever, 
so that even when present in due form, it does not import a 
consideration, but such consideration must be proved the same 
as for a simple or parole contract. The plain intent of the i 
parties is the controlling factor. The rules given above : 

Kmmon law rules and still have more or less force in some i 
^9. Oral and Written Contracts. All contracts, 
either oral or written, not executed under seal, are called simple 
or parole contracts. 

An oral coniract has all the force of a simple written con- 
tract, but it is subject to diHicullies in the way of establishing ' 
or proving its terms, which a written contract is comparatively 
free from. A large proportion of the litigation arising from 
the nonfulfillment of contracts is caused by a failure to reduce 
(he terms of the contract to writing. 

Ad oral or written contract can be modified by subsequent 
sgreements, and such subsequent agreements become a part 
of the original contract. A written contract, however, has 
this advantage over an oral contract: It is presumed in law 
to embody all understandings and agreements made at the time 
of, or previous to, the signing of llie contract. No oral evidence 
can be admitted therefore as to agreements or understandings 
made at the time of the written agreement or aQtecedenC 
llicrcto which would modify its terms. Evidence will be 
received, however, as to oral or written agreements made aub- 
tequcnt to the signing of the wrilteu contract which may 
modify its terms. 
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It is allowable, however, to admit testimony as to or^ 
^agreements or understandings made priorto.or contemporaneous 
with, the signing of the contract, for the purpose of proving 
fraud and deception. 

Such evidence may also be introduced for the purpose of 
proving duress or mistake in the drafting of the contract. 
It can not be introduced for the purpose of modifying its 
terms, since it must be assumed that all the essenlial or 
material matters in the agreement were embodied in the written 
contract. 

Subsequent oral or written agreement modifying the terms 
of the original contract requires a separate and distinct consid- 
eration to support it, unless the original contract contained 
special provision for such changes, in which case they must be 
made in accordance therewith, and may or may not require ■ 
new consideration. 



ASSIGNMENTS OP OONTBAOTS. 

30. "Wlien Assignments Can Be Made. All con- 
tracts and agreements can in general be assigned by either 
party, and the contract enforced by the assignee, except such 
contracts or agreements as involve a personal trust or confi- 
dence in one or both of the parties. Evidently trust and confi- 
dence in the skill or professional ability of another can not be 
assigned, and when such trust is a mateiial element in the con- 
tract there can be no assignment. Of such character are nearly 
all kinds of personal services, except, perhaps, the most com- 
mon labor. 

All building and engineering contracts are assignable, 
unless the writings themselves contain conditions denying such 
privilege. It is, however, common to insert such a clause in 
all engineering contracts by wjiich they then become non- 
assignable. 
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31. Notice of Assignment Necessary- 
assignor anc 



Kignmeiit is el 
) tbe r 



ifeclual .1 



1 tbe 



assignee, 



nC it is made, it Joes not bind the other parly to 1 
the original contract until he has received uotice o£ the assign- 
ment. Without such notice any performance on bis part in 1 
favor of tbe oiriginal parly or assignor releases him to that extent ^ 
wilh the assignee. It is necessary, therefore, to give prompt 
notice of all Bssignments to all the parlica concerned. After J 
Euch notice has been given, nil parties become bound to tbe J 
assignee, the same as they had formerly been to the assignor. 

An exception to the rule of the necessity of giving notice ] 
obtains in tbe case of what is called negotiable p.nper. The I 
^ra^s^er of such contracts is not called assignment, the docu* 
tnent itself carrying with tt its own evidence of ownership. 
Sucb docnmepls arc bills of exchange, bank checks, promissory 
iiotes, bills of lading, certificates of deposit, certain kinds of 
bonds and coupons, warehouse receipts, and bank bills. 
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32. The Original Contract. An original written con< 1 
tract is presumed to embody all the agreements made at, or ' 
previous to, the time of its signing. No oral evidence will be 
admitted to explain or supplement the terms expressed in tlie 
wiriltCD contract, provided these are clear and plain. It is per- 
missible, however, to modify the terms of any written contract 
by sabsequent oral or written agreements. It is also permissible 
* to submit evidence as to contemporaneous oral agreements 
wbicb supplement or explsiin the terms imposed in the contract, 
provided these be not inconsistent with the terms of the written 
jocument. 

.-idence is also admissible to explain the identity of 1 
k parties, or the existence of an agency, -the identity of the ] 
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subject' matter, and the sense in which certain unusual d 
nical words have been used. 

Oral evidence is also ndmtssible to ex[>lain any 1 
ambiguity in the instrument, as wiiere more than one mear' 
ing may be given to a word or phrase; but in the case of 
patent ambiguity, that is to say, an ambiguity apparent on tlv 
face of the instrument itself, and which is meaningless withoifl 
oral explanation, such an ambiguity will^mnke the contrac 
void. 

33. The Explanation of Technical Terms in Oon ^ 
tracts. In all cases where either common or uncomcnorV 
words are used in a technical sense, or in a sense peculiar to £> 
given trade or business, in which custom has given to sucti 
expressions particular and definite meanings, oral testimony car* 
be received for the purpose of explaining the real meaning of 
such terms. Furthermore, the meaning which the law will 
enforce is that which such a term has in tliat neighborhood, or 
with the parties to the contract. In such cases the common 
usage or custom will fix the meaning of the technical words 
used. 

In other cases oral evidence may be introduced to explain 
the real meaning of a contract, where custom or usage caused 
the meaning to be clear to the parties themselves when the 
contract was signed, but which would not be understood by 
strangers to such usages. 

In order that a contract may be interpreted in the light o£ 
custom or usage, such custom or usage must be certain, def)> 
nite, and uniform in that district, or between the p.-irties to the 
contract. Unless it is a universal custom or usage as between 
tlie parties, it can not be received as positive evidence of meaa- 
ing. Furthermore such custom and usage must have been 
continuous and uninterrupted up to and including the time of 
the transaction in question. Thus one or more acts do not 
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' eitAblJsh a custcitn as between the parties, and a. few illuslra- 
tive examples will not serve to establish a usage. 

When the explanation rests upon usage in the neighbor- 
bood, such usage must be general and a knowledge of it must 
be common, so that it may have been presumed to have been 
known to the parties to the contract. 

Such custom or usage must be reasonable, and must have 
been generally assented to, and complied with without protest, 
in order to become binding in explaining the terms of a contract. 

Such custom or usage, also, must not be repugnant to any 
ot the express terms of the contract itself, neither must it con- 
travene a state statute, city ordinance, or conflict with the law 
of public policy. 



34. Rules of Construction. 

1. The first and principal nile to be followed in the con- 
struction of contracts is to ascertain the real intention of the 
parties at the time the contract was signed. In fact all rules 
are merged in this one, and have for their object the determi- 
nation of tlie original real meaning of the document. 

2. In arriving at this real meaning, the words used must 
be understood in their ordinary and popular meanlug, when 
these do not have a technical significance, as indicated in the 
previous article. In all other cases, the language is supposed 
to mean what it would ordinarily be understood to mean under 
the given circumstances of time and place, and as between the 
given parties. 

3. Furthermore the whole instrument must be looked to, 
lad nil the terms thereof made effective if possible. The 
whole instrument will be construed, also, in construing any 
latent ambiguity which may pertain to any given part. Where 
more than one document enters into a general agreement they 
ihill all be taken into account in the construction of the entire 



4 



42 I,AW OF CONTRACTS. 

contract. Words may be wliolly rejected which s 
ent with the manifest intention of the parties. 

If a portion of the contract is printed and other portioaa 
written, the latter will take precedence over the former, when 
they are found to conflict. 

Where both general and specific terms have been used in 
describing the same thing, the agreement will be limited to ihc 
scope of the more specific terms, and may not be applied to ihe 

Doubtful ivords will be construed more strongly against 
the party who used them. This is based on the principle that 
n man is responsible for ambiguities in his own expressions. 
Thus a deed is construed most strongly against the grantor, 
and a clause in a promissory note will be construed most 
strongly against the maker. Such a prejudice, howevtr, ia 
never exercised against either party, if possible to avoid il^^J 



CONTRACTS REQUIBED TO BE IN WRITING. 

35. The Statute of Frauds. In the year 1676 the 
English Parliament passed "An act for the prevention of frauds 
and perjuries" which has become common law for tliis couati; 
where it is not replaced by statutes in the various states cover- 
ing the same ground. In either case where reference is bad to 
Ihe original English enactment or to the corresponding statutes 
In the various states, this law is commonly referred to as ths 
"Statute of Frauds." The object of such a law is to prevent 
litigation and fraud by requiring certain kinds of contracts to be 
in writing. These in general relate to the ofhcial acts of exec- 
utors or administrators, marriage contracts, to the sale and 
transfer of real estate, to agreements which can not be per- 
formed inside of one vear, and other contracts for the sal e of 
goods, wares, and merchandise of a value greater thai 
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PlOFOuly the last two dI these pertain to the character of ihc 
I lirescat woik they alone will be discussed here. 

36. Agreements Which Oan Not Be Performed 

Wifchin One Year. The English statute provides that "uo 
action shall be brought whereby to charge any person upon any 
ivreement that is not to be performed within the space of one 
year from the making thereof, unless the agreement upon 
which such action shall be brought, or some memorandum or 
note thereof, shall be in writing and signed by the party to be 
diarged therewith, or some other person thereunto by him law 
faUy BUtborined." That is to say, contracts which can not be 
performed within one year from the date thereof must be- in 
Kciting. This is construed as meaning that the necessity for a 
written contract only holds when the performance within one 
year is demonstrably impossible. If by any possibility it may 
be fully performed within one year, an oral contract is valid. 

Thus a contract for a year's service, to be entered upon at 
> future time, can not be performed within one year, and hence 
niust be in writing. Or in the absence of a written contract to 
tbii effect an oral agreement can not be enforced, and either 
P*ny is at liberty to annul the contract at pleasure. Where 
Kfrices have been rendered, however, under an oral contract 
which by this clause ought to have been in writing, the party 
woefilcd must pay for ihem. 

Thus, also, a contract for the carrying out of any engi- 
itiin^ construction, if it plainly can not be completed within 
'Mycar, is not binding, unless it be in writing. 

37. Contracts of Sale Where the Value Is More 
than $50. Another clause in the same original English stat- 
"t wads as follows: "No contract for the sale of any goods, 
"*«» or merchandise, for the price of ten pounds sterling or 
upwards, shall be allowed to be good ; except the buyer shall 
Mcept part of the goods so sold, and actually receive the same, 
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or give something in earnest to bind the bargain, or in part ^ 
payment, or that some note or memorandum in writing of saic 
bargain be made, and signed by (he parties to be charged 1^3 
such contract or their agents thereunto lawfully authorized," 

Simitar statutes have been enacted in this country in whicl^ 
the limit of the value of the goods sold is usually pi need at $50* 
while in Maine and in New Jersey it is placed at $30- 
For all values over these amounts the contracts must be 1 
writing or, as stated in the statutes, the buyer must give proot 
of his agreement by accepting and receiving a portion of the 
same or by part payment for the same. 

It must he noted, however, that a contract for labor is not 
included in the statute. The limit of value here used applies 
not to individual articles but to the sum total of the articles 
named in the transaction. 






SUBSEQUENT OHANOES AND AGREE: 

38. The General Rule. In general any oral 
agreement may be altered at pleasure after it has been signed, 
when this is done by mutual consent. Alterntion§ made at the 
time of, or previous to, the signing of the instrument become 
elements in the original contract. 

Any change by mutual consent in the terms of an agree- 
ment after it has been signed makes a new contract out ot the 
original agreement, and because of this a surety ora third party 
to the agreement not consenting to the change is released from 
all obligation. The new contract remains good as to those who 
consent to the change. In the case of engineering contracts 
where it is common to have sureties or bondsmen who guitr- 
antce faithful performance, such sureties must always be con* 
suited and tlieir consent obtained to any material change in the 
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OTiginai contract which may be mutually agreed on hy the 
principals. In default of such reference and consent on the 
pMtof the sureties, they become discharged from all liability. 
Even though the written contract has a clause forbidding 
injoral alteration in it, and declaring that no change shall be 
made in il except in writing, such a provision is void, and the 
coniTict may be altered by oral agreement notwithstanding. 
This is because in law oral and written agreements are of ibe 
surne class, both being simple or parole contracts, and hence 
are of equal force and effect. An agreement in writing, there- 
fore, by the parties, to forfeit their legal rights, does not operate 
to change the law in this respect, and their rights can not be 
forfeited by such an agreement. One of these rights is the 
privilege of modifying the contract by oral agreement 

Where contracts are illegal except when ibey are in writ- 
ing, M under the Statute of Frauds, it follows that sucb a 
wtitteD contract can not be modified by oral agreement, since 
tfaia would circumvent the law as applied to such cases. This 
alio applies to promissory notes and other commercial paper. 
Oral agreements in regard to them are invalid, as they would 
work injustice to innocent parties. 

Written contracts executed under seal, not required by law 
lobe so, may be modified or altered by either written or oral 
agreements, but when this is done the whole contract is reduced 
to the force and significance of a simple or parole agreement, 
and DO longer remains a specialty, 

Furthermore this can only be done in the case of a sealed 
contract, when the new agreement or alteration rests upon a 
nnr and separate consideration. Where the seal is required 
bf law, alterations must also be made under seal. If, how- 
enr, sU the parties to the original agreement are together, and 
Htf isctninient is changed by the principals who signed and 
Idled it, in the presence of all, and with the consent of all, 
the ilterations are valid. 
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39. Besults of Alterations of the Contract, 

is one of the most important subjects connected with the execu- 
tion of engineering work. Very seldom is an engineering or 
architectural project constructed sirictly in accordance with the 
original plans and spacifi cat ions. Usually the contract itself 
provides for changes in plans and specifications, and in general 
changes must he made in accordance with such provisions.* 

While the court decisions are extremely various and fre- 
quently directly opposed to each other in their enforcements of 
contracts which have been changed more or less after they have 
been signed, it is thought the following is a fair interpretation 
of the intent of most of the authorities in passing on such cases. 

(a) Changes in the contract will not operate to annul the 
original contract unless such was the plain intent of the parties, 
and so long as any portion of the original contract may fairly 
be construed as remaining in force. f 

(i) In general, every change made in a contract after it 
has been signed, should be based on some hind of a legal con- 
sideration. Thus, if a change is made which involves an addi- 
tion to the cost of the work, it should be accompanied and sus- 
tained by a corresponding increase in the compensation or 
price, or by a corresponding reduction in some other part of 
the work, or by a corresponding accommod.ition of some char- 
acter in favor of the other party, which may be construed as a 
consideration for the change made. Otherwise the change 
agreed upon can not be enforced. 

(c) Similarly, if the parlies agree to a less performance 
than that required by the contract, unless there be also a corre- 
sponding reduction made in the price, or some other accommo- 
dation to the other party, which may be construed as a constd- 

•Oineiieepiioiiioihf»iul»i»Bi«en Ln ibc prevloui »nicle, where the eaninci pto- 
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agreement can not be enforced against t!ic party 
miikins the concession. He is at liberty to clianse hU mind. 

(rf) In such changes as are mentioned in {i} and (c) the 
law will not inquire particul.irly as to the adequacy of the con- 
sideration, so long as a legal consideration mtiy be shown to 
exint. 

(«) An apparent exception to the above rules of con- 
slruction is that In which the original contract provides for 
dianges to be made in a specific manner, and without further 
coasMeration. Thus it is sometimes specified and agreed upon 
that the character of the materials or the methods described in 
the original contract may be changed at the pleasure of the 
engineer or architect, without further consideration. In this 
case any change made consistent with this provision would not ■ 
be regarded as a new contract, but simply as a sort of construc- 
tion of the old agreement. Under such a clause, however, the 
lavi^ would not allow a gross injustice to be worked against the 
cot»trflctor in the way of violent changes which would greatly 
Mcrease the cost of the work, and which evidently were not 
Anticipated by the parties to the contract at the time it was 
»igtt«d, 

ij') In all cases where changes have been made in a con- 
''^ct, if such changes involve an increase in the time required 
for performance, the date of completion of the work fixed by 
^^ original contract will be extended by the courts for a period 
•"fti^ient to cover the additional time required for the changes 
'"*<3e. This the courts will do whether such extension of time 
™ (atovided for, either in the original contract, or in the subse- 
'P^nt agreement. 

(g") It is customary to include in the original specifica- 
*"**!« a clause describing the manner in which all changes in 
pl^nt and specifications may he made, and the compensation 
^°*' the same determined. In this case changes in the contract 
:bc made in accordance with such provision, and si 
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are binding upon the cot 
They might operate, however, 



, when so 1 
whether he consent c 
release the bondsmer 

()S) All contracts, except those required by law to be ia 
writing, whether seated or unsealed, can be modified by orem 
as well as by written subsequent ap-eement, regardless of an^ 
provisioD to the contrary in the body of the original contract. 



DISOHARaE OP OONTRAOTS. 

40. Methods of Discbarge. Any contract e 
iato in any of the methods heretofore indicated may be d 
charged and the psirties thereto freed from all obligations there> 
under, in any one of the following ways: i. By agreem 
3. By performance, 3. By impossibility of perfoi 
By operation of law. 5. By breach. 

41. Discharge by Agreement. Any contract wMfcV 

has been entered into by mutual agreement may evidently by 
mutual agreement be dissoSed. This may be done, (a) by 
a waiver or cancellation, (i) by a substituted agreement between 
the parties, or of the contract, (c) by a condition iu the contract 
itself. 

(a) An agreement to discharge the contract must bo 
supported by a consideration the same as any other egreement- 
The usual consideration in this case is the mutual release from 
liabilities under the original contract. 

(i) A contract mny he discharged by the substitution 
therefor of a new agreement, the consideration in this case 
being as before the mutual discharge of obligation under the 
previous agreement. This new agreement may be either oral 
or written, and it will serve to replace or rescind the previo us 
lent if SHcb were the iuiention of the parties. 
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true whether the original agieement was a sealed contract or 
limply a parole agreement. If, however, the original conliact 
was reqii red by hiw to be iu writing so must also the new con- 
tract which replaces it. 

The rescisiioii of the former contract may be implied, as 
where ihe Icrms of the latter agreement conltict wilh those of 
the old, the later agreement taking precedence and discharging 
Ihe former. The intention to discharge the former, however, 
must be clearly implied from its being the only rational 
assumption in the premises. 

The coatract may be rescinded by the substitution of a 
n«w pjriy to it in place of one of the original parties. This 
may be done only wiiere all parties lo the contract are agreed, 
Ihis ogiecnicnt being cither express, or implied by subscLpient 
■cU. 

(c) The controct m.ty eonlain a provision for its own 
ditchurge on the happening of some event or contingency, 
This contingency may be the nonfulfillment of some specific 
dause !n the contract itself, or on the occurrence of some par- 
<'culni event, or on Ihe exercise by one of the parties of an 
option to determine it. When the event transpires which 
ifnat Uie condition of the discharge, the contract is thereupon 
tKiudcd. 

Engineering contracts sometimes contain a clause to the 
•Sect that the work may be stopped at any time with a specified 
notice at the option of the party paying for the same. 

42. Discharge by Performance. The usual method 

*( Jitchnrging a contract is by each party fully performing tlie 
dwiet pictcribed for bim in the agreement. In this case the 
polormaiice by each party must be strictly in accordance with 
fie terms of the contract. 

In CDgineeriug work it is seldom that the work is done in 
^'■Itlails strictly in accordance with the plans and specilica- 
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tions, or with such plans ns authoritatively modified by the 
engineer. While in law the contract requires a strict and full 
compliance with all tlie terms of the agreement, yet in equity a 
substantial compliance is accepted in place of a full and com- 
plete performance. Also in equity an imperfect compliance is 
often taken as a discharge of the contract suhjcct to such dam- 
ages as would equitably compensate for the degree of failure 
to fully and completely satisfy the agreement. 

One of the essential requirements of the contract is the 
time specified for the completion of the work, when this is so 
named in the agreement. When no time limit is mentioned in 
the agreement, (he element of time is not deemed to be of the 
essence of the contract, but performance will be required 
within a reasonable time, When a specific time or date is 
given for completion, a court of equity will examine as to 
whether the intent of the parties was to determine in a general 
way the time when performance was expected or whether such 
limit was intended to be a specilic and essential part of the 
contract. If the former meaning is imposed no relief can be 
had in equity for nonperformance within the specitied time. 

43. Performance on Conditional Promises. In 

engineering contracts pcrformiince on the part of the ovvner is 
usually conditioned on a previous performance on the part of 
the contractor. On the other hand, the owner sometimes 
agrees to make payments, for instance, at specified st^iges of 
the work, in such a way that further performance on the part 
of the contractor may be conditioned on the making of such 
payments at the times specified. Performance may also be 
conditioned in various other ways, as after the lapse of a certain 
time, or upon the occurrence of a particular event or conlin- 
Ky which may be uncertain, or on the acts of a third party, 
on the will of the promisor. In this last case it is 
3 contract at all, so far as the promisor is concerned. 
► ia to say, while he can enforce it against the other party, 
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other partv can not enforce it against hi'm. Such a case as 
this last is where one party agrees to do work lo anoihei's satis- 
faction,* Here the party performing the work is wholly at the , 
mercy of the party to be SHtisflcd, and the plea of dissatisfaction I 
relieves him from liability." Evidently no person should placel 
liimsclf thus at the mercy of another, unless he can rely implic 
»tly upon the good faith of the other party. 

A common instance of the operation of n "condition pre- 
cedent" with reference to a third party is where a contractor 
biatJE himself to receive payments on a building or engineering 
work only on the certificate of the architect or engineer. With- 
out euch certific.ite which forms a "condition preredent" the 
Owner is not obliged to make payment. Before the contractor 
caa force the owner to pay him for his work, in the absence of ' 
«ucli 8 certificate from the architect or engineer, he must be 
able lo prove that ihe architect or engineer has acted fraudu- 
lently in withholding the certificate, or that he has acted under 
Si^ss mist.ike, and in bad faith, or has negligently refused to 
nonestly examine the work. As this is, of course, very difficult 
'" Cstahlish, the refusal of the architect or engineer to give such 
'S'^ificatc commonly acts as a bar to payment under the terms 
of the contract. 

AUo where the quality or quantity of the work to be done 
•*■ l>y Ihe terms of the contiact, to be left to the approval of a 
"''ret person, such as the engineer, his decision in the premises 
■* oinding upon both the parties. 

The agreement may be conditioned upon a notice being 
8'*'eti to the promisor, as where the engineer is required to give 
•""'ce to the contractor to begin work at a certain time. In 
""** case the proof of having given such notice ia necessary to 
the enforcement of the contract. 

44. Diecharge by Payment. The discharge of a 
c^Otiact by full payment of money due upon it requires no 



52 LAW OF C0MTRACT5. ^^H 

further comment in this connection. This subject is furtlier 
amplified in tlie works on the "Law of Contracts," but it is 
not necesGary to elaborate it here. 

45. Discharge by Tender. When the peHormance 
of a contract is frustrated or prevented by the act of the pnrly 
to whom the performance is due the offering to petform i» 
called a tender. As applied to engineering contracts, if the 
contractor is prevented from performance by the owner, tiic 
latter subjects himself to liability on a suit for damages sus- 
tained by the contractor by not being allowed to perform, lo 
other words, the owner breaks the contract by his refusnl and 
subjects himself to a suit for damages, the same as in any other 
case of breach of contract, while the contractor stands relea^d 
from all further obligation under the contract, his tender being 
construed as performance so far as he is concerned. 

46. Kinds of Impossibility Which Will Discharge 
a Contract. An agreement between parties to do what both 
know to be impossible is discharged when their knowledge of 
such impossibility is shown, but where the impossibility is 
known only to one of the parties, he is liable for damages to 
the party to whom it is unknown. 

Where the subject-matter is nonexistent, or has ceased to 
exist, the impossibility of performance results from a mutual 
mistake of fact, and the contract is discharged. 

Where performance is rendered impossible by what a 
called in law "an act of God or of the public enemy" the party 
so contracting is excused. By "an act of God" as used in law 
as disch.irging a contract is meant a manifestation of the powers 
of nature over which man has no control, such as Bres caused 
by lightning (but not by accident or other cause), winds, 
floods, sickness and the like. In the performance of engineer- 
ing contracts unusual difficulties will not he placed in thi«^|^ 
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gory, M long as they are by any possibility under human 
ainlrol. 

While as stated above nn "act of God or of the public 
en«ny" making performance impossible, will discharge a con- 
trttl, yet it must be clearly shown that such "act of God or of 
tbepiiblic enemy" did in fact render the performance quite 
impossible, and not simply difficult or expensive. Thus if 
wind, flood, or lightning should destroy a parlly completed 
tngineering work, if it were possible to re-erect it within the 
lime speciRed, the contractor would be held to full performance. 

47. Kinds of So-called Impossibilities Which 
Will Not Discharge the Contract. "When a person cou- 
Iracls to do a given act he pledges himself as having the capac- 
ily to do il, and assumes the risk of being prevented from per- 
fotming his contract by obstacles or accidents ; against obstiicles 
or accidents that may interfere with performance //c should pro- 
ud himself by contract. Having presumed generally to do a 
thing he can not allege that difficulties and obstacles prevented 
him from fulfilHng his contract, although they did in fact render 
the doing of the thing by Aim impossible. He is bound to do 
whatever is within the scope of any human being to accom- 
plish." 

From the above which is quoted from Judge Amos Thayer, 
of ibe United Stales Court of Appeals, it is evident that if a 
contractor wishes to obtain release from full and complete per- 
lomiance for certain contingencies, as for instance, inability to 
oUain material, or to place sub-contracts, or to get the sub- 
contractors to comply with their agreement, or to provide 
»E«inst labor strikes, whether In the trades or on the railroads, 
or Kgslnal the inclemencies of the weather which might make 
performance within the time difficult and very expensive, or 
igainst any other of the extraordinary contingencies which may 
trite to prevent performance except at great loss, he must 
widently provide protection for himself in the body of the con- 
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failure to build the second would not operate to destroy the 
va'uc of ihe first; whereas a contract to build a house is itn 
entire contract, since the building would not be serviceable 
until fully completed. 

The degree of failure to perform, as in the case of agree- 
ments by contractors and builders, which will operate to dis- 
charge a contract on the part of the owner, must be determined 
by the court or by a jury. In general any substantial failure to 
perform an indivisible contract will operate to discharge the 
contract. If, however, the work done or goods delivered are 
accepted and used, the law will create a new and implied con- 
tract on the part of the recipient and beneficiary, by which the 
party supplying the service or goods can recover a fair price 
for the same. Such recovery, however, not being under the 
contract or in accordance with its terms. 

A failure in minor details docs not, as a rule, discharge 
the contract, but simply furnishes to the other party the right 
to obtain damages to the extent of the failure. It is very 
important to note, however, that such failures which give to the 
injured party only the right to recover damages must be in their 
nature insignificant, and of small relative importance, not in 
any sense going to the root of the matter or affecting the value 
of the parts which have been satisfactorily performed. The 
law is very severe in enforcing agreements literally and fully, 
especially where departures have been made intentionally and 
perhaps against the protest of the other party. In such cases 
even small failures to comply may be considered as a discharge 
of the contract. Where the contractor has evidently acted in 
good faith, much larger failures to perform maybe remedied by 
a payment of damages instead of operating to discharge the 
entire contract. 

When a failure to perform pertains to work which must 
either be accepted and used, or removed at great expense, as 
where a structure is built upon the owner's land, if such struct- 



DISCHAEGE OF CONTRACTS. 



57 



ore fails materially to comply with the terms of the contract, 
such failure to perform will operate to discharge the contract 
without compensation to the contractor, even though the owner 
does accept the work and use it. In this-case_ the owner is 
not at liberty to refuse to accept, since this would involve 
him in great additional expense and delay. It is, of course, 
very different in the case of all kinds of personal or movable 
property. Here a refusal to accept does not involve the owner 
in any additional cost. 

When a contractor has shown indifference, dishonesty, or 
incompetency in the execution of his contract, resulting in a 
material failure to perform, and this work is the building of a 
stmcture upon land which becomes part of the real estate, the 
owner may not only accept and use the struclure without com- 
pensation to the builder, but, in extreme cases, he may even 
decline to allow such builder to reconstruct the work, even 
though he should offer to do go, since the owner thereby has no 
assurance that a second attempt will result any better than the 
first. 

While the law gives to the owner such remedies as those 
stated above, he must be careful not to act in such a manner as 
to imply that he has waived his legal rights in the premises. 
Thus where a contract is to be performed within a given time, 
and tlie time elapses before complete performance, if the owner 
urges liim, or requests him to go on and complete the work, he 
thereby waives his legal remedies for noncompletion within the 
time, so far as a discharge of the contract is concerned. He 
may, however, recover damages for the delay. 
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BEMEDIES FOR BREACH OP CONTRACT. 

60. Results of a Breacli of Contract. When a 
contract has been broken, or not fully performed, tbe failure to 
perform may result either (a) in the discharge of the contrnct 
as described in the previous article, or (i) in a right of action 
by tbe injured party for damages sustained, or (cy a right of 
action to enforce specific performance. 

The two remedies by which one either obtains dnmages or 
enforces Bpeci6c performance will be discussed in the two fol- 
lowing articles. 

51. Damages for Nonperformance. The foundatioft 
principie of damages is compensation. Where there has beea 
a partial or complete failure to perform, in accordance with 
the agreement, the law undertakes to require the party so fail- 
ing to pay to the injured party such a sum as will cover the 
actual loss in money value which he has sustained on account 
of the breach. When the promise was the payment of a cer- 
tain sum of money, nothing more than this sum with interest 
can be recovered. Where no decided loss in money value can 
be shown, the injured party can recover only a nominal sum. 
That is to say, "a sum of money such as may be spoken of 
but has no existence in point of quantity." 

Tbe leading case in determining tlie amount of damages 
which can be collected in the U 
Hadley v. Baxendale. In this qs 



lowing rules, which have 
States courts. 
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them has broken, t 
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receive in respect of such breach of contract should be: 

(i) Such as may fairly and reasonably be considered as 
ariting naturally ^ i. e., according to the usual course oj 
it from such breach of contract itself. 
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(3) Such as may reaionably be supposed to have been in 
ths contemplation of both parties at the lime they made the 
contract, as the probable result of the breach of it. 

(3) Such as arose out of the special circumstances under 
xvhich the contract was made, where such circumstances were 
communicated by the plaintiff to the defendant. 

(4) But, if these special circumstances -were -wholly un- 
inozvn to the parly breaking the contract, he, at the most, can 
only be supposed to have had in his contemplation the amount 
of injury -which would arise generally, not affected by any 
special circumstances. 

It must be remembered that "damages in an action for 
breuch of contrsicC are always by way of compensation, and not 
a punishment, hence the plaintiff can never recover more than 
such pecuniary loss as he has sustained, nor can be recover for 
great disappointment, nor injury to tlie feelings, or vexation ol 
mind, caused by the breach."" 

The party who is injured by a breach of contract is 
required to make reasonable exertions to render the injury ys 
light aspossible. and if he carelessly or indifferently allows tlie 
damage to be unreasonably large, such increase falls upon 
himself. 

62. Distinction between Liquidated Damages 

and Penalties. t "The parties to a contract not infrequently 
assess the damages at which they rale a breach of the contract 
by one or both of them, and introduce their estimate into the 
terms of the contract. This is perfectly legal, and on a breach 
the sum agreed upon be^pmes the measure of damages; as, 
for example, n stipulation in a building contract that if the 
building ia not completed by a certain day the contractor will 
pay a certain fixed sum for each day or week or month he is in 
defHult, or an agreement in a contract of sale that a certain 
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1 shall be deducted from the purchase price if the quautity 
' is not delivered as agreed. These are called •liquidated 
damages. ' 

"But the parties in affixing a fixed sum (or the nonper- 
formance of his promise by one, or ench of them, may have 
intended not to assess the damages at which they rate the non- 
performance of the promise, but to secure the performance by 
the imposition of a penalty iu. excess of the actual loss likely to 
be sustained. And in this case, the amount recoverable is 
limited to the loss actually sustained, regardless of the sum 
undertaken to be paid by the defaulter. These are called 
* penalties.' 

"The courts will always construe the contract in harmony 
with the intention of the parties, and without regard to the 
terms used. If the general effect of the agreement shows that 
they intended to provide for a penalty they will restrict the 
recovery to the actual damages incurred although the words 
'liquidated damages' are used in the instrument. So, vrhere 
the parties have used the milder term 'penalty,' courts have 
sometimes held that the stipulated sum was, from the nUnre 
of the case, to be considered as liquidated d.nmages and recov- 
erable in full. Whether the sum mentioned in an agieement 
to be paid for a breach is to be treated as a penalty, or as 
liquidated and ascertained damages, is a question of law, to be 
decided by the Judge, upon a consideration of the whole instru- 
ment. Where it is plain that the parties meant the sum fixed 
to be liquidated damages, the courts will not interfere to fnifi- 
trate that intention, but, if it be doubtful, upon the whole 
agreement, whether the sum named was intended to be a pen- 
alty or liquidated damages, it will be construed to be a penally, 
I it being the tendency of the courts to consider the contract ax 
[ creating a penalty to cover the damages actually sustained hy ■ 
breach, rather than liquidated damages. 
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"Subject to the principles stated in the last section the 
courts have adopled ccrt.iin rules of construction, in the caae of 
contracts containing promises of this kind ; which are — 

*'l. If the contract is for a matter of certain value and a 
sum is fixed to be paid on breach of it which ia in excess o£ 
that value, then the sum tixed is a penalty and not liquidated 
damages. 

"3. If the contract is for a matter of uncertain value nnd 
a sum is fixed to be paid on breach of it, the sum is recovera- 
ble as liquidated damages. There is 'nothing illegal or unrea- 
sonable in the parties, by their mutual agreement, settling the 
:itnount of damages, uncertain in their nature, at any sum upon ' 
which they may agree.' 

"3- Where the contract involves several distinct matters 
of %-arious kinds, and one fixed sum is stipulated to be paid for 
uny breach, of whatever kind, it is a penalty and not liquidated 
damages." 

S3. Recovery for Imperfect or Incompleted 
■Work. As slated in Art. 49, recovery can be had under 
a contract for partial performance, when the contract may be 
considered as divisible or severable. That is, where a part of 
Ifie agreement may be entirely fulfilled, while other portions 
rumatn unfulfilled. In this case, however, while the party in 
fnult miiv recover dam.iges for the work done, or goods deliv- 
ered under the divisible contract, he is always liable for such 
damages as can be shown to have resulted from his failure to 
completely perform his agreement. 

When the contract can not be considered divisible, but 
must be looked upon as one and entire, recovery can not be 
had (or anything short of a substantially complete performance. 
Tbat is to say, a substantially incomplete performance dis- 
charges the contract entirely, as stated in Art. 49, and even J 
when the performance is sufficiently complete to prevent dis*.« 
charging the contract, so that recovery can be bad for ths] 
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work done, the owner may slill enter a claim for damages fof ' 
each and every particular in which the performance has been 
incomplete. Here again if the default is shown to be a willful 
neglect or refusal to comply, the law ia conalrued much more 
severely than for mere oversights. 
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General Rule as to Specific Ferformi 

Suits to enforce specific performance can not always be ma 
tained, for actions can be brought at law for such damages as 
may be shown to have resulted from a breach of Ihe contract, 
or from a total failure to perform. It has been customary, 
however, to allow specific performance to be enforced in cer- 
tain cases wheie suit is entered in a court of equity, but even 
in equity tpecific performance will not be enforced where a 
payment of damages will put ihe p'aiutiff in as good a position 
as if the agreement had been actually performed. Also if au 
action for damages would not lie, neither would an action for 
specific performance. In a case in equity, however, many 
considerations will be taken account of, in the w.iy of meting 
out justice to the parties, which could not he considered in a 
case at law upon the terms of the contract itself. 

Where specific performance is ordered by 
equity, the same court will, if necessary, enfort 
either by a mandate enforcing the performance n 
an injunction to prevent the doing of the contrary. 

Since the parlies to an engineering agreement cuibj 
rule, be fully compensated for a failure to perform 
of cither, by a recovery of damages, specific performai 
not ordinarily be enforced, and hence this subject will 
further discussed in this connection. 
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its decree 
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DISCHARGE OF RIGHT OF ACTION. fad 

DISOHAROB OF EIGHT OF ACTION UNDER A 
OONTRAOT. 

55. The Right of Action. Upon any breach of a 
contract there arises in favor of the injured party a legal right 
ot actioo for compensation. "This right of action can then 
i*ot tr discharged by any payment or performance, or tender 
of payment or performance, by the promisor, without the con- 
sent and acceptance of ihe promisee; for the promisee, after 
l>reach, becomes entitled to the compensation or remedy pro- 
vided by process of law, and is not bound to accept any tender 
or oifer made in satisfactioQ of bis leg.il rights." Thia right 
oi action can only be discharged in one of the following four 
Ways: (o) ByaRelease; (i) By on Accoi d and Satisfaction ; 
<,<> By ■ Judgment; (rf) By Lapse of Time. 

(a) A Release of a legal right of action consists in a vol- 
^i>tary agreement to discharge a claim, and is only valid when 
Supported by a consideration or when executed under seal. 
Otherwise it is a mere unsupported promise which binda no 
"ic. Bui a voluntary delivery to the debtor of the evidence of 
*dvbt, as of a note or bond, or the destroying of the same, 
*itli ihc intention of discharging the debt, does operate aa a 
' release. A release of one of several debtors, jointly, or 
jointly add severally, liable for the same debt, releases all, 

{6') Release by Accord and Satisfaction consists in an 
"grecment on the part of the creditor to accept something in 
**t>8fiiction of his claim, accompanied by the delivery or per- 
'"' rnaacc of what has been agreed upon. Here the execution 
**' t-he agreement is the satisfaction referred to in tiie phrase 
"■ccord and satisfaction," the agreement to accept this being 
*^c accord. It should be noted that the right of action is not 
"^charged until this agreement or "accord" is fully executed 
'fQeo "satisfaction" has been rendered, I 
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(c) Release by- a Judgment. Evidently a. judgment 
obtained through a suit at law in favor of the plaintiff dis- 
charges all further right of action against the defendant in the 
case so adjudicated. His former right is now merged in 
what is called a contract of record, and this is discharged by 
the payment o£ the judgment, or by sucli satisfaction as can be- 
obtainc:! by process of execution. An adverse judgment 
against the plaintiff does not discharge the obligation or right 
of action unless this adverse judgment was rendered on the 
merits of the case. Of course any judgment may be set aside 
by the court in which it is rendered, or set aside by a higher 
court, in which case judgment may be entered in favor of the 
other party if so ordered, or the parties may be remitted to their 
original positions. 

(rf) The discharge of right of action through Lapse of 
Time is in virtue of eeitaiii statutory limitations providing th.it 
iifter the lapse of a certain period of time, which is different for 
different kinds of contracts, the right of action under the con- 
CNist, and is said to have been discharged bv 
lapse of time. Even in the absence of any statutory provision 
the courts will not allow a case to be opened on a contract 
which has long stood as a dead letter. In the common law the 
period of time which bars the right of action is commonly 
twenty years. This will apply even to sealed instruments, and 
for parole agreements this time will be shortened and dis- 
chnrged by payment presumed for shorter periods. 

It must not be understood, however, that the courts will 
allow cither party to an agreement to benefit through lapse of 
llni* from a fraudulent contract, although the lapse of an ' 
uiiiTaiiouiible time before suit is entered by the defrauded party 
will have the effect of affirming the conlract. In other words 
lh« law reasonably requires that in case of either fraud or 
hiv'^tvb u( contract a prompt recourse to the courts shall be had. 
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56. Removal of Statutory Bar to Bight of Ac- 
tion. While statutes of limitation are a bar to a right of 
action or recovery in the courts, they do not act to extinguish 
the claim, and hence notwithstanding the time in which suit 
may be entered has elapsed, the right of action may be revived 
by (a) SL promise to pay the debt ; (^) a subsequent acknowl- 
edgment of the debt; or (c) a part payment of the debt. 
Id other words, any acknowledgment on the part of the debtor 
of the existence and legitimacy of the claim, after the right of 
action has been barred by the statute of limitations, serves to 
revive the claim for another like period. This acknowledg- 
ment of the existence of the debt, in order to serve to revive its 
legal status is not merely a recognition of the fact of the debt, 
but must consist in an agreement to pay the debt. 

After such a removal of the bar to the right of action, suit 

may be entered upon the original contract by showing that the 

claim has been revived by the free act of the debtor. In other 

words, the debtor has here waived his legal rights of defense, 

and such a waiving of his rights does t^ot require a consideration 

to support it, as was shown in Art. 2J. 
5 
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General Clauses in Engineering Speci- 
fications and Accompanying 

Documents. 



67. General Considerations. Nearly all the works 

designed by engineers and architects are executed by other 
parties called contractors. The contractor usually buys all the 
materials and furnishes all the labor required in the execution 
of the work, as designed, and he agrees to do this within a 
stated time and for a fixed sum. To insure his doing this sat- 
isfactorily certain written documents are prepared and signed 
by both parties, that is to say, by the man, company, or corpo- 
ration having the work done and who is to pay for the same, 
and by the contractor, or the man, company, or corporation 
who does the work and furnishes the materials. 

Standing between the§e two parties to an agreement is the 
engineer or architect who has planned the work and who 
usually superintends its execution and assists in the final settle- 
ment between the parties to the agreement. Although paid by 
the party having the work done he occupies a judicial and not a 
partisan position and he is expected to act justly and fairly 
towards both parties. 

In order that there shall be no misunderstanding in regard 
to the intentions of the designer, plans are usually drawn show- 
ing the general and detail features of the work, and accom- 
panying these there is a written description of the work, of the 

materials to be used, of the time and manner of the payments, 

66 
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etc. This documcDt is called the specifications. The draw 
ngs and this description are then referred to as the plans and 
s^ ^eiJiealioKs. 

In order to get open and general competitign in doing the 
vvxirk a dale is set on which 6ids will be received, and blank 
farms of proposals are prepared by the engineer which can be 
filled out by the bidders., and notices or advertisements are 
inseried in the papers and in the engineering journals calling 
the utteation of contractors to this public letting. These and 
other accompanying documents will be discussed in the order 
of their sequence in actual practice. 






ADVERTISEMENTS . 
68, The advertisement should he as short as possible 

'0 contain the oecessary information, in order to save espensf. 
■tihould usually contain the requisite information on the fol- 
lowing subjects ! 

(i) A title indicating the kind of work to be done. 

(j) Place, date, and hour of opening the bids. 

(3) Pel son, company, or corporation lotting the work. 

(4) An adequate description of the work, with especial 
rrftrencc to the kind and quaiuity (or cost) of work to bedone. 

(5) Conditions of puymimt, if these are peculiar. 

(6) Instructions as to where to obtain plans, specifiea- 
Mniand blank forms of proposals. 

(7) Statement as to amount of cash or of certified check 
V of bond to accompany the bid. 

(8) A reservation of the right to reject any or all bids. 

(9) Any other peculiar feature, as the letting of the work 
'fi parts nr as a whole; bids lobe received only from experienced 
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59. The Theory of Advertisements. The object 

of the advertisement being to secure as large a competition as 
possible from responsible bidders, it follows that the informa- 
tion conveyed in it should be such as not only to attract the 
attention of such parties, but such as would enable them to 
decide whether or not it would be worth their while to submit 
n bid. A prommeut title indicating the general character of 
the work would serve to attract the attention of contractors 
engaged in that line of work. It is a common practice to omit 
this title, with the result that one is obliged to read nearly the 
entire advertisement, which is usually printed in small type, 
before he can leara what the nature of the work is. It is usual 
also to announce that the proposals or bids which are to be sub- 
mitted shall be sealed, with the implied understanding that these 
seals are not to be broken until the bids are opened at the place, 
date, and hour named. This is for the purpose of preventing col- 
lusion and fraud. In other words the bids arc to remain secret and 
unknown except to the bidders themselves until the hour arrives 
for opening them. It is also customary to state that these bids 
or proposals shall be opened in the presence of the bidders, in 
other words at an open meeting of the board, or committee, or 
corporation, or council. To this meeting all persons are free 
to come and see the bids opened, and to hear them publicly 
read, with the privilege of taking down the prices named if 
they choose. 

The description of the work included in the advertisement 
should be sufficient to enable the contractor to decide whether 
or not it was of such a character as he would be willing to 
undertake, and also sufficient to enable him to determine the 
amount of work to be done, and the time required to perform 
it, as well as the probable approximate cost of the same, and 
the amount of capital required to successfully prosecute it. 
The advertisement should also indicate whether or not the 
work would be let in parts or only as a whole. If it may be 
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lei in parts, the advertisement sbould indicate what the lines of 
division are, so that one might know what parts he was at lib- 
erty to bid upon. It is customary to pay for contract work on 
motillily estimates oE the engineer, reserving from each month's 
cstimateof the worth of materials furnished nod work done twenty 
or tweni)--five per cent, until final completion. This enables the 
contractor to carry out the work without having the requisite 
tapi»l lo complete the work with his own means. If the con- 
titious of payment nre to be other than this, thns making them 
nniuuKl and peculiar, such conditions sbould be stated in the 
adveitiscment. 

Having drawn the attention of contractors to the work 
led ^vea them the necessary information to enable them to 
dcdiie whether or not they would wish to submit bids upon the 
«une, it remains to gix-e them such information as may be nec- 
«sssr>' to enable them to procure promptly the necessary plans 
>nd specifications, the blank forms of proposals, and informa- 
tion is to the amount and kind of guarantee which they must 
whoiit with their bids to have them considered. 

60. The Guarantee. The object of the guarantee is 
"Iways to insure that the successful bidder, or the party who is 
gi'tnthc conlracl, will sign the contract for doing the work 
"111 furnish the requisite bond for faithful performance. In 
olher words this guarantee is simply an assurance of his good 
'>itb and honest intentions in submitting his bid, and it is cus- 
«>mary to make it consist of cash or the equivalent of c.ish in 
fit form of a bank check duly certified by the bank as being 
tojivable for the amount staled. This check is to be made 
p»jahU to the party letting the work, or his agent, and is lo be 
•"rfeited to such party in case the bidder fails or refuses to 
*ii(er into a contract for the performance of the work after the 
'"sid has been made to him. The deposits made by the 
"nstictewful bidders are, of course, immediately returned to 
ilitin, and that of the successful bidder is held until he has 
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entered into a contract as above stated, after which it is also 
returned to the owner. Sometimes it is considered a hardship 
for the bidders to have to make this cash dt-posit in submitting 
their bids, in which case the bidders are asked to furnish a. 
bond or guarantee signed by parties known to be responsible, 
binding themselves in a stated sum, which sum they agree to 
pay if the bidder named therein fails to enter into a contract for 
the faithful performance of the work," Some such guarantee 
as this should always accompany every hid received in open 
competition. While ihismight not be necessary for men of 
known business integrity, yet in an open competition bids will 
be received from strangers, and without this kind of an assur- 
ance of honest intention the successful bidder will often refuse 
to enter into a contract on the basis of a bid. In this case the 
handing in of a bid would involve no financial responsibility, 
and hence bidders might carelessly submit bids without having 
taken due precautions to determine the cost of the work, and 
hence might have made a price altogether too low and one 
whict) would involve serious losses on their part if they would 
undertake to carry out the work for the sum named. In case 
euch a party should receive the award and then after more 
careful investigation learn that the work could not be per- 
formed for the price named in the bid he would decline to enter 
into a contract and the letting would have to be made over again. 
This would necessitate reudvcrtising the work, and a consider- 
able delay, in addition to some cost. It is desirable therefore • 
always to require a certain guarantee of good faith which shall 
accompany the bid itself, and which shall involve considerable 
loss to the bidder if he declines to enter into a contract in case 
the work is awarded to him. 

61. Right of Rejection. It is well .ilways in the 
3 reserve the right to reject anv or all bids, for 
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: done the fair inference is that the coutract will be 

let to the lowest bidder. In some instances, when the work is 

done under slate or city auspices, the law niay require that the 

contract shnJI be let to the lowest bidder if let at all. In this 

c*se the ndvertisement should state that "the right is reserved 

M reject all bids," since if parties should not choose to let the 

work to the lowest bidder their only recourse would be to reject 

>n the bids and advertise tlie work again. If the parties letting 

ll)e ^vork are not bound by this legal requirement, and if they 

bave reserved the right "to reject any or all bids" in the 

"dvertisemcnt, then they are at liberty to let the work to any 

Of the biddera without subjecting themselves to a charge of 

"ofairneM. It must be admitted, however, that ii the work is 

not let lu the lowest bidder, the parties letting the work subject 

"»ctn*elve8 to invidious criticism, and they should have very 

SOod and satisfactory reasons which ihey are willing to produce 

'1 defense of their action, in order to clear themseivca from 

falaiBe before the various parties interested in the letting of the 

work. 

62. UluBtrative Examples. The following adver- 
I'sements have been selected from the current journals as fairly 
':'nbodying in suitable form the requirements ns above stated. 
I'tie student should note the terse and condensed style of these 
"dvertisements in which the greatest possible amount of valuable 
""d required information is given clearly but ia tbe least possi- 
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Cblina, Ohio, Watbh-Wohks — Notice to Contrac- 
■•"tms, — Sealed proposals will be received by the trustees of the 
*''*tef-works of lUe village of Celiua, Ohio, up to S o'clock p. 
**'• '»( the loth day of April, 1S95, for furnishing the materials 
"**'! constructing a system of water-works for said village. 

There will be required about 773 tons of cast iron pipe; 
*''*>Ut 18 tons of special castings; loi fire hydrants; 76 valves 
''Id boxes; brick pumping station and chimney; 2 pumps of 



lrin«d capacity of two 



i per day; 3 boilers; 



d atJinil-pipe 16 feet ia diameter and 125 feet high, etc. 
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Bids will be received for furnishing any of the matenals 
iiboie or for construcling the works complete. Proposals must 
be addressed to the Secretary of the Water-Worka Trustees, 
Cclina, Ohio, and must contain a certified check or its equiva- 
lent, made payab'J to said secretary in an amount equal to two 
(2) per cent, of th amount of the bid. 

Plans may be seen and specifications and blank form ol 
proposal procured at the office of the trustees, Celina, Ohio, or 
nt the ofbce of the engineers, . Buffalo, N. Y. 

The right is reserved to reject any and all bids. 

, Pres., 

, Sec, 

Trustees of the Water- Works, Celina, Ohio. 
, Buffalo, N. Y., Engineers. 

Proposals for Iron Lathing and Area Gratings. — 
Office of Building of Library Congress, 145 East Capitol 
street, Washington, D. C, November iz, 1S94. — Separate 
sealed proposals for furnishing, delivering, and putting in place 
complete the iron furring and lathing required for the ceilings, 
partitions, etc., in the first, second, and attic stories, and for 
the iron gratings and tile lights required for the areas of the 
Building for Library of Congress in this city, will be received 
at this office until 2 o'clock P. M. on Tuesday, the 27th day o£ 
November, 1S94, and opened immediately thereafter in presence 
of bidders. Specifications, general instructions and conditions, 
and blank forms of proposal maybe obtained on application to 

this office. , 

Superintendent and Engineer, 



Notice to Sewer Contractors. — Se.tled proposals for 
building about four (4) miles of pipe sewers in sections 7 and 
8 of the Medford sewerage system will be received by the com- 
missioners of sewers at their office until 4:45 p. M., Saturday, 
March 30, 1895. All proposals must be on forms furnished by 
the city and accompanied by a check of five hundred (500) 
dollars drawn on some national bank, and made payable to the 
treasurer of the city of Medford. Some approximate quantities 
are as follows: 20,477 ''"• ^^- °^ P'P^ sewer; 18,081 cu. yds. 
of earth excavations of .ill depths; 67 manholes aggregating 
57S.3 vert, ft. Bricks, pipe, cement, and iron work will be 
turnisheJ by the city. Plans miiy be seen, speciUcations and 
forms of contract and proposals m.iy be obtained at the office 
of the commissioners. Each bidder is required to make a 
statement indicating what sewer work he has done, and to give 
reference that will enable the boaid to Judge of his business 
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■bBndirg; and do bid will be receiveil in case the bidder bus 
not looked the work over on the ground. Tbe commissioners 
RMivc tfac right to reject any or all bids, if they deem it to (he 

interest oi the cit^- so to do. J— ^ , 

Chairman Commissiorers of. Sewers. 
, Engineer, Medford, Ma-=., March tS, 1S95. 



The following advertisements are given as examples of 
E bre^-ity, but since they appeal to a particular class of 
contractors, accustomed to do such work, thev perhaps convey 
•n die infoTTnation really necessary to give in the advertisement : 

To Blilders.— Office of the Light-Jlouse Engineer, 
Eighth District. New Orleans, La., March 20, 1895. Pro- 
posals will be received at this ofEce until 3 o'clock p. in., Wed- 
nesday, the ist day of May, 1S95, for furnishing the materials 
ind labor of all kinds necessary for the construction, erection, 
■nd delivery of the buildings for the Brazos River Light Sta- 
tion, Texas. Plans, specitications, forms of proposal, and 
Other information may be obtained on application to this office. 
The right is reserved to reject any or all bids, and to waive any 

defects. , Major, Corps of Engineers, U. S, A., 

Light-House Engineer. 



I 



Office of Engineer, Ninth .ind Eleventh Lighthonse 
Districts, Detroit, Mich., March 25, 1S95. — Sealed proposals 
will be received at this office until 3 o'clock p. m. of Monday, 
the 15th day of April, iSgg, for furnishing seven skeleton iron 
towers for Hay Lake Channel, St. Mary's River, Mich. 
Plans, specifications, forms of proposals, and other information 
may be obtained on application to the undersigned. The right 
iireserved to reject any or all bids, and to waive any defects. 

, Major Corps of Engineers, U. S. A., Lighthouse 

Engineer. 



Office of the Commissioners, D. C. , Washington, D. 
C, March 28, 1895. — Sealed proposals will be received at this 
office until ii o'clock a. m., April 5, 1S95, for grading and 
regulating streets and roads. Blank forms of proposals, 
tpeciltcations and all necessary information may be obtained at 

ttiis ofBce. , , , . Commis- 

lioners, D. C. 

U. S. E?JGiNSER Office, 557 Congress street, Portland. 

.Ms., March 4, 1895 Sealed proposals for dredging in Har- 

"fcit river, Me., and Bellamy river, N. H., will be received 
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here until 3 p. m., Monday, April 15, 1 
opeued. Alt information furnished 
, Major Engineers. 



I, and then pifl 
application. , 



pROPOSAi-s FOR Construction of dams and shore protec- 
tions on Upper Mississippi river, between Muscatine, Iowa, 
and New Itoston, III. U. S. Engineer Office, Rock Island. 
III., March t6, 1895. Sealed proposals will be received here 
until 3 p. M,, April 15, 1S95, and then publicly opened. All 
intormation furnished on application. 



U. S. Enginebr Office, Boston, Mass., Feb. 25, 1895. 
Sealed proposals lor dredging in "'The Narrows," Bostou 
Harbor, Mass., will be received here until noon, April 2 
»nd then publicly opened. All information furnished on 
cation. , Ll Col. Eng'rs. 



INSTRUCTIONS TO BIDDERS. 

63. Preliminary Information. A dcscriptio^ 
many of the gentral conditions of tlii? work and of the manner 
of letting it may well be grouped together and printed in con- 
nection with the blank forms of proposals. This information 
is usnally placed under the title of "Insti uctions to Bidders." 
A fair sample of such preliminary information is given below. 
All of this information might be, and often is, embodied in the 
speciGcalions thcmiielves, but they are here separated 
greater clearness in the analysis of the various docun 
involved in the letting of an engineering contract; 
INSTRUCTIONS TO BIDDERS. 

FOR A WATER-WORKS SVSTKM AT THE U. S. MU-tTARV POST J 
FORT RILEY, KAN. 

No bids will be received for any part of the vrork 



ed lor 
:um^h'J 

OST MF I 



herein described from parties who can not show 
acquaintance with, and preparation for, the proper 
of the class of work for which the bid is submitted 
ich competency must be furnished it desired. 



reasonable 

lerformance 

EvidfM 
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1 the blank forms to be 



1. Proposals must be made 
obl.iined at this office. 

3- Bids will be received as follows: 

First. On wtlls and connections complete to the wall of 
the pump pit. Bidders will state methods which they propose 
to use in sinking ivells. 

Second. On boiler, coal and dwelling house, pump pit 
and reser\'oir wilh roof complete. , 

Third. On all machinery including boilers, furnaces, 
■luck, concrete floor in boiler and coal house, pump, connec- 
tion!, auction and discharge pipes to the, outside of pump pit. 
Kail, benches, tools, etc. Bidders must state what kind of 
pump tlicy propose to furnish. 

Fourth. On the pipe system, complete with hydrants 
and v.ilves, and to include the following items: 

(o) Price per foot for eight (S) inch mains. 

(4) Price per foot for six (6) inch mains. 

(c) Price per foot for four (4) i 

These items are introduced to cov 
in lengths over or under the amounts herein 
traclors hereby agree to such extension < 
prices named. 

Bidders may make in addition to the above 
entire work complete. 

4, Each proposal must be accompanied by a written 
guaranty in tbe sum of $2,000 (executed strictly in accordance 
with the printed instructions, and upon the blank forms fur* 
nUbed under this circular), signed by two responsible persons, 
to tbe effect that if the proposalis accepted within si^tty days 
from the date of the opening of the proposals, the bidder will, 
ivithin (en days after being notified of such acceptance, enter 
rmo a contract and give bond wilh good and sufficient sureties, 
and that in case of failure of the bidder to enter into contract 
■od give bond, they will pay the difference between the amount 
<rfhkbid and the amount for which contract may be made 
Vfilh another party." 

5. The amount of the penalty of the bond to be furnished 
by the contractor will not be less than one tenth nor more than 
the full sum of the consideration of the contract. 
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FORMS OF PROPOSALS. ^H 

64. The Object of Blank Forms of Proposal^^^ 

order to insure th»t ull the bidders shall submit their proposals 
on exactly the snme items and estimate prices in the same unltn, 
it is necessary to prepare printed blank forms to be used by all 
the bidders, these forms being complete in nil respciils except the 
prices and the names of the bidders. So important is it to have 
the bids exactly comparable in all respects thai it is customarj- 
to rtject all bids not made out on these printed forms as well 
as all bids which, though made on the printed forms, have 
changed the conditions of the same in any particular, either by 
erasures, interlineations, or additional conditions. If the bid- 
der desires to submit a proposition in a different way or wilh 
other conditions than those stated in the printed form he should 
submit his bid on the printed form without correction or change 
and then append to his bid an auxiliary paper embodying such 
changes as he would wish to make, and the price he would 
submit if these changes were agreed to. In this way he com- 
plies strictly with the requirements by submitting a bid wbicb 
is regular in every respect, and in addition submits what is 
practicallv another bid on a modified baeis. While tlie modi* 
tied bid is, of course, irregular, and would not be considered In 
conjunction with the regular bids, it would give to the parties 
letting the contract the information which ho desires ibem to 
hnve, and states the modifications which he would ngrec to if 
the bid were let to him on the basis of his formal and r^ulur 
proposal. Tfae work might then be let to him on the basis 
of his valid proposal, with the expectation of making tbc 
terms in the final contract in accordimce with the bidder's 
amended proposition. If the parties letting the contract, how- 
ever, should not choose to do this, tfae bidder would still bo 
bound by his formal or regular proposal. The importanc a ol 
laking the bids strictly comparable in every respect is i 
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tstcniia] to fair and intelligent treatment of the bidders thcr- 
nlvet, and so necessary in order to determine whicli is really 
the lowest bid, tbut the practice of preparing and supplying 
wch blank forms of proposals should always be followed. 

65. Manner of Letting the Work. Before such forms 
can be prep.ircd, liowevcr, several questions must be decided, 
JiLong which are the following: 

I. Shall the work be let as a whole, or shall it be let in 
parts. 

3. Whether let as a whole or in parts, shall bids be 
ttteived for fixed sums for the whole or for the several parts, or 
ihall they be received on a basis of certain suitable units of 
nuasuTemcnt. As, for instance, per cubic j'ard, as for earth 
vfofk, per perch for masonry, per pound for iron work, per 
KjDire yard for street paving, per mile for railroad rails and' 
tiei, or per lineal foot for water pipe or sewers, etc. 

3, Shall the work be let in such a way as to involve the 
payment of a bonus or additional sum for the performance 
aWe that required, and a corresponding reduction in price for 
i failure to meet the requirements. 

4- Shall the work be let for a certain price for the orlgl- 
m1 construction, and a certain price per annum for maintenance 
for a given period, 

5, Shall the contractor be required to furnish all materi- 
als and perform all the labor, or shall the principal purchase a 
portion or all of the material and turn it over to the contractor 
lot use in the construction of the work. 

66. Contract Let as a Whole or in Parts. Some 
oi the considerations in favor of lettiiig work as a whole rather 
thin in parts are: 

(a) By this means one man or company alone is respon- 
sible for the faithful performance of the work both as to quality 
anil u to time. This prevents a division of responsibility 
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which is always bBd, and in the case of carrying out contract 
work is often the cause of failure to have the work completed 
within the time specified, without heing able to locate the 
rcsponsihility for such delay. Where Ihete are several con- 
tractors upon the same piece of work, each may so stand in the 
way of another that the work may be greatly delayed, and yet 
each one of the several contractors may have a reasonable 
defense which would shield him from personal liability. 

(i) When there is hut a single contractor the business is 
concentrated so that the work of the engineer or of the 
tors is greatly lessened from having to deal with oni 
instead of many separate contractors. 

(c) When several contractors are engaged 
work it ia difficult for them so to plan their parts, in lime, as to 
avoid a certain amount of delay where the work of one is 
dependent upon antecedent work of another. When the work 
is done by a single contractor he can arrange to avoid such 
delays as are almost necessarily incident to tlie working of sev- 
eral contractors in sequence. 

(i/) When the work is such as is commonly let in a single 
contract, or in other words, when bids can be received from 
parties who have been accustomed to carry out all parts of lacfa 
a work, it is usually more economical to let the work in a single 
contract than it is to let it in parts. In the former case there is 
but one man to reap a profit from the construction, wbereajt^. 
let in parts, each contractor must, of course, make his 
in such a way as to allow himself a reasonable profit. 

Some of the arguments in favor of letting the 
parts are: 

(a) The project may involve constructions of suidii 
ent kinds as to make it impracticable for one com 
undertake the entire work. In this case the letting Ui 
necessary to a skillful performance. 
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(5) Where there are local parties who are competent to 
execute portions of the work, but not the whole, and who are 
uxJous to bid upon such portion, it may be wise to let the 
work in parts provided it is reasonably certain that competitive 
bid) can be received on nil the parts. Even in this case it is 
deiirable also to receive bids upon the whole work, so that vvhen 
the bids are opened it will appear which is the more economical 
method of letting. Even when it is reasonably certain in 
idrance that the contract will be let as a whole it is often wise 
lo receive bids on the parts in order to satisfy local demands, 
and to avoid invidious criticism and public detraction. This is 
eipeciilly true in the case of public works, if the local bidders 
whQ wish to submit proposals on parts of the work, but who 
mM be incompetent to bid upon the whole, are shut out by 
teeuving bids only upon the entire project. 

67. Contract Let for a Fixed Sum or per Speci- 
Sed Units. Wlien the work to be performed under a contr;ict 
it perfectly definite as to quantity, it is best to let the contract 
for a fixed sum. When either the quantity of work to be done 
drflie quality or kind of material to be encountered, as in exca- 
vations, is more or less unknown and indeterminate, it is 
necessary to let such parts of the work at least, in terms of 
•ome snitable unit of measurement. Thus in the case of exca- 
ntioD, the kind of material which will be encountered is always 
more or less uncertain, and the quantities to be moved are 
anally undetermined in advance. In various other lines of 
work, also, the exact quantities are not measured or computed 
in advance of the construction, so that in all such cases it is 
■Kettary to let the work per unit of measure. It is often 
wiie, however, to assume a certain definite amount of work of 
•ich kind to be performed, and let the contract for a fixed sum 
Wlhe basis of this assumption, providing for variations from 
these amounts in the blank form of proposal by requiring the 
bidder to state not only a fixed sum for the assumed total, but 
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also a price per unit of measure, in accordance with whicfc the 
quantities assumed as ihe basis of the bid may be either 
increased or diminished, it being understood, however, that the 
quantity stated is approximately the amount of work to be 
' performed. In this way it becomes known in advance about 
^vHattho work is to cost, and if the quantities are changed 
. somewhat these changes do not become a source of contention 
between the parties. , 

In choosins: the units of measure which shall serve as the 
items to which prices are to be affixed by the bidders, it !s 
necessary to select and describe these units in such a way tliat 
they can not be misunderstood; thus in masonry it is better to 
use the cubic yard as a unit rather than the perch, since this 
latter has different values in different localities. Also it should 
be clearly defined in the proposal itself in what way these 
measurements should be taken, as, for instance, in masonry, 
whether all openings should be excluded, and in tunnel exca- 
vation that the measurement should include only the material 
excavated inside the given sectional boundaries, and in water 
pipe on which bids are received per foot in length for the 
various sizes, that the measurements should be taken on the 
center lines of such pipes, after they are laid, etc. Also in the 
case of the furnishing of materials, machinery, and appliances, 
the printed proposal should indicate where the material is to be 
delivered and whether or not the machinery is to be erected, 
The failure to make the proposal c4ear in these and other 
minor particulars is often the cause of serious disagreements, 
provoking delays, and sometimes of considerable expense. 

68. Contract Involving a Specific Performance. 
Wh'.-n machinery is purchased on ihc basis of a specific per- 
formance, as in the case of pumping engines, steam boilers, 
steam ships, and the like, where a specilic performance is made 
[ the basis of the contract price, it is customary and proper to 
provide for specific additional sums for stated percentages of 
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excess of performance over and above that which forms the 
ba&is of the bid, and nliio for stated deductions from the con- 
tract price for given percentages by which the performance 
fails to meet the standard. In this way the contractor is fairly 
pnid for accomplishing more than he agreed to, and the pur- 
chaser obtains a fair reduction in price for any failure to reach 
the agreed standard. When a specific performance is made 
the basis of a contract without these agreed premiums and dis- 
counts, the purchaser is at liberty to refuse to accept the work 
at any price, in case of even a partial failiiie to meet the speci- 
fied requirements; while, on the other hand, if the contractor 
has far exceeded the specifications, Ije gets no benetit whatever 
tor the enhanced value of the product. A specific perforni- 
ftnce, therefore, when made tlie basis of the acceptance of a 
piece of contract work without these provisions for premiums 
&nd discounts is a very onesided and unfair contract, and its 
u»e should be discouraged by engineers. 

In all cases where a spcci6c performance is made the basis 
a contract price, the conditions of this performance should 
to clearly stated in the specifications, and the nature of the 
tCBt! lo determine this performance so distinctly described that 
10 m!«understanding could arise when the time comes for mak- 
i "ig these tests. These descriptions belong in the specifications 
I I'thtrthan to the proposals. 



Contract Including Maintenance. In the 

red pavements, especially where the material is new 

I' untried, it is common to require the contractor to maintain 

Ifora given period, at a stated price per annum. In this case 

Idnaiulenaucc price must also be provided for in the pro- 

I, as well as the price ciiarged for first cost. 

|70. Contract for the Work Only. It is often wise 
^principal to purchase materials himscU which shall be 




^ GENERAL SPECIFICATIONS. 

osed by tbe contractor in the carrying out of the work, Thui 
nishtouse a particular kind or quality of 
il wliich he does not wish to describe Epecilically in the 
or which, if described, he can not well assure 
e contractor will furnish. Especially is this the 
; mxterials as can not be clearly identified by 
or^BMty metbods of inspection; as. for instance, various kinds 
oC pants, cement, iron and sicel, paving brick, besides a great 
roi ipcctatties in the line of manufactured articles and 
Or, the contractor may not he able to purchase this 
■Mtbaria) on u fax-ombte terms as the principal, because of the 
grMlwr risk iarotred in the s.ile of this material when the con- 
tractor mitst be looked to for payment. Thus, when the bid- 
^■nan tnfonned that the principal will furnish materials 
wllick would otherwise cost the contractor large sums o( 
■hMH«^ m»ny contractors of small means would be encouraged 
to bkl *foa the work, who otherwise would not be able to 
» i». KoT these and other reasons, therefore, it is frc- 
r viue tor the princip^il to purchase the material and turn 
r ti» tbf> <\wtr>iMor for use in the work. 

Tl. Proposal for Building a Dam, Spillway, 
t OttUtt Tunnel, and Overflow Chamber. 

X<^t«M[ J^tWST N»W Mkxico Reservoir and Iruication Co., 
K<.<>4WBUi., Nkw Mk.\ico. 

, «.■ — The undersigned propose to do all the work 

ifcWi'V oti o^ (he material in accordance with the printed form 
1 «mi spccilicaiions, a copy of which is herewith 

mj tiitul. . on the acceptance of this proposal. 

t *»d evecute a contract in the form of said enclosed 
J contract (or the execuliDn of said woik at the 
low, to wil: 

I, including all forms of soil, or clay, per cubic 

..dndMind, including all forms and combina- 

Ml ibete materials, per cubic yard . 

Mk'k lit open cut, including all kinds of loose 
ntjuirins blasting, per cubic yard . 
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(rf) Solid rock in open cut, including all kinds of rock 
requiring blasting, per cubic yard . 

(«) Rock in tunnel, including ail tunnel work to the 
outer line of the lining wall, if such be required, other- 
wise to the lines of the drawings, per cubic yard . 



' sand, not rolled, per cubic 
s and rolled dry, per 
dampened and 



(a) Earth, clay, gravel i 

l(i) Same materials spread in c 

■ cubic yard . 

{c) Same materials spread i 

rolled, per cubic yard . 

[d) Same materials spread in courses, pulverized, har- 
rowed, wet down and rolled thoroughly, per cubic 

B(«) Clay and gravel mixed in layers, harrowed, wet 
down and rolled thoroughly (clay puddle), per cubic 

Mi/) Loose rock dumped or thrown in as in temporary 
dam, per cubic yard . 

f) Rip rap laid on face of dam, per cubic yard . 
) Facing rock laid dry with close joints for distance 
of 4 inches from surface and rammed, per cubic 



(o) Rubble masonry laid in Portland Cement Mortar, as 

described, per cubic yard , 

I (i) Masonry lining of tunnel, as described, per cubic 

L yard, actual volume . 

■(c) Dimension stone masonry, laid in Portland Cement 

Y Mortar, as describe, per cubic yard . 

Enclosed is a certified check for ^ve hundred dollars; 
which sum is to be forfeited to the First New Mexico Reservoir 
ftlrrisfation Co. if the party or parties making this proposal fail 
Id enter into contract, with approved securities, witliin fifteen 
davi after the contract is awarded to said party or parties, 
Respectfully, 
(Stgnature and address of ci 



St. Louis, Mo., iSgo. 

NoTK,— Each bid shall be placed in a senlod onvolope adiireased to 

" , Proiideot First New Mexico Beaervoir & IrrigBtiou Co ," oars o( 

*■ , CoDsnlting Engineere, ~ — -, St. Louis, Mo.," and shall be 

tsJoiMd "Proposal for ballding Dam, eta," 

The Fint New Moxioo Beservoir & Inigatioa Co. reserves the right 
t« reject Bit; or all bids. 

3. &.r. 
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72. Proposal Bond. In lieu of a cash deposit accom- 
panying the I'id as a guarantee of good faith and of intention -, 
to enter into conlracl, if the same be awarded to the party, a .m 
ind may be received, duly signed and certified, which will W 

c cither the signing of the contract, or the payment of i • 
such damages as may result from a failure to sign. These ^». 
damages would usually be measured by the difference between r:* 
the amount named by the party furnishing the bond, and the^»« 
sum for which the contract might finally be let, and ih'is is^S 
usually named as the amount of the forfeiture under the bond— E> 
It is the usual custom of the United States Government too9 
require a bond of this sort rather than a cash deposit. It i^S 
evidently a less hardship upon the contractor to furnish such aet 
bond. The following is the form of this document as used hy^*^ 
the United States Government: 

Pkoposal Boxd or Guaranty. 

We, , of , in the Stati 



, and— 



, of- 



■, hereby guarantee and bindt:> ^~^ 
ourselves and each of us, our and each of our heirs, executors 

and administrators, to the effect that if tbebid of 

herewith accompanying, dated , 1S94, for fui...^ 6iiE=— 

all materials and labor, and constructing the Power House and^t^ 
Office Building for the Soo-ft. Lock at St. Mary's Falls Canal, .«- 
shall be accepted, in whole, or in part, within sixty (60) day igtf^ 
from the date of the opening of proposals, the said bidder — . 

will, within ten ( 10) days after being notilie<^P 

of such acceptance, enter into a contract with the Unilcif 
States in accordance with the terms and conditions of the^ 
advertisement, and will give bond with good and sulBcienC 
sureties for the faithful and proper fulfillment of the same. 
And in case the said bidder — shall fail to enter into contract; 
within the said ten (10) days with the proper officer of the 
United States, and furnish good and sufficient bond for ihet 
faithful performance of the same according to the terms of said 
bid and advertisement, we and each of us hereby stipulate and 
guarantee, and bind ourselves and each of us, our and each of 
our heirs, executors and administrators, to pay unto the United 
States the difference in money between the amount of the bid 
of the said bidder — , and the amount for which the proper 
officer of the United States may contract with another 
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Atmish said materials and bbor and construct tlie Power House 
and Office Building as specified, if the latter amount be in 
excess ol the former, lor the whole work covered by Ibe 
proposal. 

Witnesses : 



-[SHAI.] 

—[seal.] 



[Ezecated in tnplicate.] 

J trSTlF [CATION Ol' CUAUANTORS. 

Statk of 1 

County of J ' 

I, , one of tbe guarantors named in tbe wit) 

guaranty, do swear tbat I am pecuniarily worth the sum 
forty tbousand dollars, over and nbove all my debts a 
liabilities. 

[Signature of Guarantor] 

Before me, 
[Signature of Officer administering oath, with seal, if any] 



County of— 



I, , one of the guarantors named in the withir 

guaranty, do swear that I nm pecuniarily worth tbe sum ol 
forty thousand dollars, over and above all my debts and 
liabilities. 

[Signature of Guarantor] ^ ■— — ■ 

^^^efore 

W 



nture of ofHcer administering oath, with seal, if any.] 



CERTIFICATE, 



I,' ■ do hereby certify that— 



e guarantors above named. 



ally lnio\vn to me, and tliat, to the best of my knowledge and 
belief, e.'icb is pecuniarily worth, over and above all his debts 
and liabilities, the sum stated in tbe accompanying affidavit 
subscribed by him. 

[Signature of certifying official.] 

NoTB. — The eertificate may be givan Baparutely aa to each gunr- 
Utor, wul modified accordtasty. 

U. S. Eno. Corps. 
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ENOINEERING SPECIFICATIONS. 

73. Engineering Specifications Defined. Engi- 
neering specifications consist of a series of specific provisions 
each one of which defines and fixes some one element of the 
contrnct. These clauses relate, in general, 

First: To the work to be done. 

Second: To the business relations of the two parties to 
the contract. 

In the first sense, the specifications suppletnent and explain 
the platis (if there he any) and define the character of the 
materials nnd the methods to be employed on the work, or if 
unaccompanied by plans they embody the principles and rules 
in accordance with which the plans must be drawn and the 
work executed. In this sense the specifications enable the 
bidder to estimate the cost of the proposed work and after the 
contract is let they serve as the nilea of inspection and accept- 
ance of such work. 

lu tlie second sense the specifications define the rights and 
duties of the two parties to the contract to each other and 
embody proper provisions for changes in the plans, and for the 
settlement of disputes which may arise; they also describe the 
conditioDS of payment, :iccfpt;ince, etc., etc. 

74. Classes of Specifications. There may be said 
to be three general classes of engineering specifications: 

(a) Specifications accompanying complete detail plans: 

(i) Specifications accompanying a general plan only. 

(c) Specifications unaccompanied by any plan, and com- 
monly known as General Specifications. 

All of these classes of specifications are in common use 
and each has its own particular sphere of usefulness. 

(«) Thus when the design is novel, or when the engineer 
wislies a particular design earned out, he usually prepares full 
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■Jetnil plans, or drawings, showing how all parts of the proposed 

work shall be done. 

In Ibe case of public works, also, when the law requires the 

txtntract to be let in open competition, and also speciHes that It 
(hall be let to the lowest bidder, it is almost necessary to pre- 
pare fgll detail plans in order to avoid an inadequate or inferior J 
design being put into competition with better ones, and, from^ 
!tB diminished cost, receiving the contract. 

0") If the engineer can limit the bidders to a selected 
class of reliable contractors, who have rcpntations to lose if 
they should do inferior work, he may prepare very general 
plans only and allow the contractor to make the details to suit 
himself, in accordance, however, with certain specific require- 
ments OS given in the specifications, an<l subject to ihe approval 
ot the engineer. 

(c) If the engineer Is indifferent as to even the general 
design, provided the finished work answers equally well certain 
prescribed demands, au given in a set of general specitications, 
''c may not prepare any plans whatever, but leave tbe contrac- 
tor (who must now also be chosen by the engineer or only 
•^sponsible parties allowed to bid) to use any design he may 
'hoose, such designs to be submitted, however, with his bid, 
•nd this, together with the general specifications to form the 
l>aai» of the contract. 



75. General and Specific Clauses. Any specifica- 

'•on may be said to be composed of two kinds of clauses, geii- 
Wal and specific. 

All those clauses which relate to the business portion of 
Vntract, or which go to define the relations of the parties 

Qe civil contract as a business proposition, may be said to 

^* the general clauses. 

All those clauses which are descriptive of the engineering 
■t fttructursl features of the design, either as explimatory of the 
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piniis, or of ttic materials to be used, or of the methods to be 
ctiipldj'ctl, may be called the specific clauses. 

Since the general clauses are common (o all kiadi 
f^pecilications, they will be discussed Ciiht. 



iadt^^_ 



THE (JENEEAL CLAUSES IN SPEOIFIOATIONS. 

76. The General Clauses in Speciflcations may 
relate to any or all of the following subjects : 

(l) Time of commencement, rale of progress, and time 
uf completion of the work. 

(>) As to the character of the workmen to be employed. 

(3) Suitable appliances to be uf^ed. 

(4) Monthly estimates of work done and payments to be 
made. 

(5) Provision for inquiring into the correctness of the 
monthly estimates. 

(6) Rcsct^'ing a certain percentage as a repair fund, for 
« atittcd period after completion. 

(7) Conditions of the final estimate. 

(H) Engineer's measurements and cl ass ili cations final 
mid I'oncliiKivc. 

((>) De term in At ion of damages sustained by failure to 
wuiil|tl«ta the work within the time agreed upon, or as extended. 

(10) The dischnrg« of unpaid claims of work men and 
ntiilfrlfll men. 

(d) No clnitni for damages on account of suspension of 



(ll) No claim* for damages on account of delay. 
(Ijt) ^'*> claims on account of unforeseen difficulties. 
CI4) I'mtectian of ttnished nork. 

I'relcctloit of propetiy and li\-cs. 
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^jti) Protection against claims for tiie use of pntent 

(17} Assignment of contract. 

(18) Contractor not released by subcontr.icts. 



(■9) 
(20) 

(21) 

C") 
(»3) 
(M) 
(»5) 



Abandonment of contract. 

Cancellation of contract for defniilt of contractor. 

Workmen's quarters and oihtr temporary buildings. 

Cleaning up after completion. 

Removal of condemned material. 

Relations to other contractors. 

Provision for drainage, 

(26) Provision forpublic traffic. 

(27) Contractor to keep foreman or head workman, and 
so copy of plana and specifications on the ground. 

(aS) Cost of examination of completed work. 
(>9) Faults to be corrected at any time before final 
:ceptance. 

(30) Surveys, measurements, 
Dt guaranteed to be correct. 

(31) The contract subject t 
Y the engineer. 

(33) Settlement of disputes. 

(33) Extra work. 

(34) Definition of "Engineer 

(35) Documents composing the contract. 
C36) Meaning understood. 



md estimates of quai 



1 interpretation and cliange 



"Contractor." 



77. Explanatory Note. In all that follows on the 
"i^ct of specifications, after explaining and discussing a given 
'"JCct, one or more illustrations will be given in solid type, 
^^ nctual specifications, together with the initials of the 
^tfaor. The full name .ind professional engagement of the 
"*Mlor can then" be found by referring to the JCey to Personal 

hrtftces, page 5. In general the latest practice only of the 
8 quoted in tliis way will be cited. It must also be 




SPECIFICATIONS. 

t in evCTV case the gentlemen so quoted have 
I the sample specifications used aud have 
j Ii» Micb use. 

Ttt. Time of Commencement, Rate of Progress, 
VtA.Tva» oi OompletioQ of the Work. It is usual to 

■Mte tb» tiiBC at cocitmencemeut of the work as soon after the 
t tba contract as is thought practical, as, for instance, 
c tbitty days, depending on the character of the 



' hu :ant »t progress is specified in order to give the engi- 

IV lor cunoeling the contract if the rate of progress 

' ii4ic»t« thai the contractor will certainly be unable 

■• .■•i)).->..v ili« work on time, or at all. Thus be may be 

^t^ij tw atbitiiduti the work altogether, or he may cboose to 

I«vj. 'a ^\hkh case, if rate of progress is specified, the parties 

I, :v. I'.ui lu-Til not wait for the full time for completion 

, ..'iv (icing atilc to take the work from the hands of 

. . ;i>id complete it by hiring the labor and purchas- 

, , i.iln. or by reletting it to another contractor. 

IK' of completion is nearly always stated, and 

a, ullowcd should be ample it should be only such 

,.l M hell a reasonable degree of diligence is exer- 

. I ■.Hi of the contractor. 

«<> tutlicient reason, the contractor is delayed in 

. ,., iv<t»i>us beyond his control, the time of comple- 

f extended by the principal by a corresponding 

, Mild then this extended period fixes the required, 

of completion. 

Mid party of the second part further agrees that 

iho work herein contracted lo be done 

R from the date of this contract; that the rate 

work shidl be such as, in the opinion of the 

||t<o«iiiry (or completion within the time herein 

"* il lio will so conduct the said work that on or 

Uji, the whole work covered by this coniract 

•fiall be entirely completed. A. F. 
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79. As to the Character of the Workmen to be 
£jinployed. In order to secure good work it is necessary to 
employ skilled workmen. The engineer must iberefore have 
aomt control over the character of the labor employed by the 
contractor. This is obtained by specifying that only skilled 
I.Tbor^hall be employed and giving to the engineer the power 
of ilischiirge over any laborer, mechanic, foreman, or superin- 
tendent employed by the contractor on the work. It is also 
cunioraary to provide that this power shall extend to cases of 
disobedience of Instructions, impudence to engineer or inspect- 
ors, drunkenness, etc., as shown in the following illustration: 

And the said parly of the second part further agrees to 
employ only competent, skillful men to do the work; and that 
wbencver Ihe Engineer shall inform said parly of the second 
pari in writing that any ma 
'ncompelent, or unfaithful, 
charged from the work. 



on it 



ar disorderly, such i 
nid shall not again 



IIS opuiion, 

in shall be 

! employed 

A. F. 



80. Suitable Appliances to be Used. If not pre- 
vented by a special clause in the speciHcations, contractors who 
'"■« unprovided with suitable mechanical appliances for doing 
*'le work properly will often undertake to perform the work 
"ift cheap and inadequate means, which would necessarily 
**«Ult io faulty construction, or in delaying the work. It is 
^•tomary, therefore, to prescribe that all appliances shall he 
•"•table and adequate to the purpose, and subject to the 
^l*E>r<mI of the engineer. It is not wise, however, to specify 
P*tticoI»r methods or means of doing the work, since if for 
*ny reason a partial failure should result, the contractor will 
'^eavor to obtain personal release by charging failure to the 
*Pecified appliances or methods, A specification like the fol- 
lowing is therefore recommended. 

The contractor is to use such methods and appliances for 
'lie performance of all the operations connected with the work 
wihraced under this contract as will secure a satisfactory quality 
n rate of progress which, in the opinion of the 
secure Uie completion of the work within I 
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tirae herein specified. If, at any time before the commence- 
ment, or during the progress of the work, such methods or 
appliances appe:u- to the engineer to be ineflicient or inappro- 
priate for securing the quality of the work required or the said 
rate of progress, he may order the contractor to increase their 
efficiency or to improve their character, and the contractor 
must conform to such order; but the failure of the engineer 
to demand such increase of efficiency or improvement shall not 
relieve the contractor from his obligation to secure the quality 
of work and the rate of progress established in these specifl- 
cations, A. F. 

81. Monthly Sstimates of Work Done and Pay- 
ments to be Made, It is customary, in all kinds of engi- 
neering construction, for the engineer in charge to estimate at 
the end of each month the quantity of material furnished on 
the ground, and of work done. These estimates are approxi- 
mate only and serve as a basis for making monthly payments to 
the contractor. It is customary to reserve from len to twent\- 
five per cent, of these monthly estimates until the final comple- 
tion of the work. By means of these monthly payments the 
contractor is enabled to carry on the work to final completion 
with a much smaller capital than would be required if no pay- 
ments were made until the work was finished. The percentage 
reserved from the monthly payments is intended to serve ns a 
guarantee of iina! completion, and as a fund to draw upon 
when the time of final settlement arrives, for the p.iynient of 
damages resulting from the work not having been performed 
within the specified time, or for other purposes as indicated 
subsequently in these general specifications. In the matter of 
payment for materi.ils furnished, but not incorporated finally 
into the work, it is usually considered safe to include in the 
monthly estimates all materials delivered, either upon the 
ground, that is to say along the line of the work, and subject to 
the inspection and control of the engineer, and also to pay for 
materials and machinery furnished and stored where they are 
under the control and subject to the inspection and approval of 
the engineer. Of course no material would be included in 
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I lh«e montlily estimates which had not been duly inspected and 
wccptcd.* The following is a cammoii form for this speci- 
l^cation, 

In order to enable the said contractor to prosecute the 
work advantageously, the engineer shall, once a month, on or 
about the last day of each month, make an estimate in writing 
of the amount of work done, and materials delivered to be 
used in the work,* and of tlie value thereof, according to the 
lennsof this contract. The first such estimate shall be of the 
amount or quantity and value of the work done and materials 
delivered since the party of the second part commenced the 
pttformance of this contract on bis part. And every subse- 
qoent estimate (except the final one) shall be of the amount or 
quanlily and value of the work done since the last preceding 
mimate was made. And such estimates of amount and quan- 
tity shall not be required to be made by strict measurement or 
with exactness ; but they may, at the option of the engineer, be 
spproximate only. 

UpoD each such estimate being made the parties of the 
^'stpart will pay to the party of the second part the following 
proportions or percentages thereof, to wit: 

85 per cent, thereof up to and until such time as the total 
Estimated value of the work done and materials delivered shall 
■mount to $i,ooo,oc». 

90 per cent, thereof after the total estimated value of 
■Uch work and materials delivered shall fcave amounted to 
^i.DOO.ooo, until the parly of the first part shall have fully 
*nd completely performed this contract on his part. 

A.F. 

82. Provision for Inquiring into the Ooirect- 

*leSS of the Monthly Estimates. The monthly estimates 
•na<le by the engineer acting as the agent of the party of the 
*^*'*t part, may be held to be binding upon this party, in case 
"* has either made a mistake in the quantity of work done, or 
"Material furnished, or has entered into collusion with the 
*oiliactor, and rendered false returns. Since the engineer is 
^c agent of the party of the first part, his acts would bind his 
principal, after payment had been made on the same, if it were 
^t expressly provided that the party of the first part shall not 
' 1, or prevented, from determining by other means 

i< mtde upon raaterliln lutalihcd ibrn It ■hoiild tie ti^c\%ci.\V^ 
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the amount of work done and mnterial furnished. In other 
words the party of the first part should not necessarily be bound 
by either the monthly or final estimates rendered by his agent, 
and which are iotended to,ser\-e as the basis of payment. It is 
uoderstood, of course, that the contractor also has this privilege 
of inquiry and proof of the correctness of the estimates.* 
In New York City clauses like the following are common. 

And it is hereby expressly agreed and understood by am! 
hctneen the parties hereto that the said parties of the iirst p'art, 
their successors .ind assigns, shall not, nor shall any depart- 
ment of the City of New York, he precluded or estopped by 
any return or certificate made or given by any engineer, 
inspector, or other officer, agent or appointee of said Aqueduct 
Commissioners, or of said parties of the lirst part, under or in 
pursuance of anything in this agreement contained, from at any 
lime showing the true and correct amount and character of the 
work which shall have been done and materials which efaalt 
have been ftirnished by the said partj- of the second partt or 
bv anv other person* under this agreement, 

A. P. 

83. Reserving a Certain Percentage as a Repair 
Pond, for a Stated Period after Completion. In 
c>rdeT to provide foi inherent defects in the vrork which may 
DM appear on the surface, or nnii] after the construction has 
bees ia senrkc for socne time, h is often desirable to retain a 
portioB of tbe total cost of the work for a specified period 
of tine, oo wbidi sum ibe party of ri>e first part is authorized 
mtAer the specifications to draw for the repairing or 
g of any and all faults or defects wlucfa may become 
it bj Bse irithin the specified period. It is usual, liow> 
ever, to gin the contractor the privilege of making sach repairs 
aada the dttcctioii, and subject to tbe approval, of tbe engt- 
•ecr. is ptace of havii^ 'tbe e Mgw er make sodi lepwrs and 
^Mtge tkcs acaiost tbe reaerre fvad. This dause may read 



Tie oBatractor hcnbT father »grtt% lo make all the 

■eeded icpain oa tiw sand arack dori^ a period of months 

~~ ' * ' n ; and be beieby iartfa cr agrees that tbe 
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party of the lirst part is authorized to retain out of the moneys 
paynble, or to become payable, to him. under this agreement, 
the sum of five per cent, on the amount of the contract, and to 
expend the same, or so much thereof as may be required, in 
makiug the aforesaid repairs to the satisfaction of the engineer, 
if within three days after the delivery or mailing of a notice in 
wridng to the contractor, or his agent or attorney, he or they 
sfasll neglect to make the aforesaid needed repairs; antl ho 
hereby further agrees to be responsible for any accident that 
may occur on account of the defective condition of the worlt. 

E. A. F. 

84. Conditions of the Final Estimate. If, in 
the Opinion of the engineer, the contractor has completed his 
Work in all respects in accordance with the terms of the con- 
tract, be should proceed with due diligence to make the final 
*aiiraate of all quantities in the several clauses, and to certify to 
Ilia principal the amount of money due to the contractor, and 
*1» the amounts which should be held in reserve under the 
*"arious clauses o£ this character in the specifications. The 
Party of the first part thereupon should immediately pay to the 
contmctor such moneys us are legally due him, provided this 
party b satisfied that the final estimates submitted by the engi- 
neer are correct. If this party should have any doubts on this 
poini. he should be at liberty, under the specifications, to 
inquire further into the correctness of such estimates. This 
portion of the contract may be stated as follows. 

It is further mutually agreed, that whenever this contract, 
ii> the opinion of the engineer, shall be completely performed 
"^ ihe part of the contractor, the engineer shall proceed with 
='1 Idsouable diligence to measure up the work, and shall 
"t^lie mil the final estimates for the same and shall certify the 
•sine. The party of the second part will then, excepting for 
■tie caiiM herein specified, pay to the contractor, within — days 
sfier the execution of said certificate the remainder which shall 
wicund to be due, excepting therefrom such sum or sums as 
"'•ybr lawfully retained under any of the provisions of this 
^oatract: Provided that nothing herein contained shall be con- 
ttnied to affect the right hereby reserved, to reject the whole or 
*".* portion of the aforesaid work, should the said certificate be 
toimdtobe inconsistent with the terms of this agreement, or 
oitetwise improperly given. E. A. F. 



F 
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86. Engineer's Measurements and Olassiflca^ 
tione Final and Conclusive. In order to avoid disputes 
as to both the qu^nitity and the quality of the work done, it is 
custom.ary to specify that the measurements and classifications 
of the engineer shall be final and conclusive, and binding upon 
both parties. This is a very important provision, and places a 
great responsibility upon the engineer, while it binds, at the 
same time, the two principals to the contract, and forces them 
to submit to the engineer's decisions, except as some special 
provision such as that stated in article Hi allows one or both of 
the parties to examine into the correctness of the engineer'* 
estimates. As a matter of course either party is always at lib- 
erty to esaniine questions of fact and, so far as it is practicable, 
to remeasure quantities at subsequent times. Either party would 
be at liberty in case of a suit at law to have such quantities 
remcasured to determine such question of fact, but so far as the 
classification of the material is a matter of opinion on the part 
of the engineer, and so far as measurements of quantities have 
>ecome impracticable at a subsequent period, to this eKlent a 
e such as is here proposed binds absolutely both parties to 
:Dntract. Neither party now has any release from the 
leciBlon of the engineer, except on one of two grounds: 

Thirst. Either party may bring a suit in equity, in wbicb 
^80 the terms of the contract are not made the basis of the 
t; or 
Second. Either party may enter a plea of fraud on the 
Krt of the engineer, which, if sustained, would of course 
Mtlate the decisions of such engineer. Neither of these grounds 
ra much encouragement to either party. A case could not 
lustnined in equity contrary to the terms of an expressed 
1 agTeemeut, except it could be shown that gross and 
mt injustice had been worked by a strict compliance with 
B. Neither is it desirable in a civil suit to enter a plea 
, since this is very diflicoll to mamtain, and can only be 
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■iiintainetl by proving the moral depravity of the engineer. A 
cljuse such as the following, therefore, if incorported in a con- 
tact and agreed to by both parties places both parties abso- 
lutely at the mercy of such engineer, and the contractor should 
M?er submit to it, if he has reason to suppose that the engi- 
neer is likely to act unfairly toward him under the authority 
that granted to him. As a rule, however, this confidence 
wbich is reposed in the engineer by both parties to the contract 
b not misplaced. Although the engineer is paid for his services 
by one of the parties to the contract, he understands that his 
position is a judicial one, and not that of an advocate or 
partisan, and that it is his business to see that justice is done 
lo both of the parlies. The clause usually reads as follows. 

It shall be understood and agreed by the parties hereto, 
that due mt.isurcments shall be taken diu-ing the progress of 
the work, and the estimate of the engineer shall be final and 
conclusive evidence of the amount of work performed by the 
vontractor under and by virtue of this agreement, and shall be 
token as the full measure of compensation to be received by the 
conliactor.* The aforesaid estimates shall be based upon the 
lontract prices for the furnishing of ail the different materials 
and labor, and the performance of all the work mentioned in 
ttus ipecitication and agreement, and when there may be any 
ambiguity therein, the engineer's instructions shall be consid- 
ered explanatory, and shall be of binding force. E. A. F. 

83. Determination of Damages Sustained by 
Failure to Complete the Work within the Time 
Agreed upon, or as Extended. It is seldom that a spe- 
cific perfomiaoce of any contract can be enforced. In other 
words, either of the parties to almost any civil contract is at 
liberty to break the same, or fail to carry it out, for which fail- 
ure, however, the law provides that the party breaking the 
timtract shall pay a penalty. The amount of this penalty 
usuiily remains to be ascertained after the contract has been 
Voken, and when the time of settlement arrives. The legal 
•wneJics for breach of contract are given in Arts. 49-53, ^' 
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is sufficfcnt to remark here, ihat in determining the amount of 
tlie damages, the law will only allow the actual proven dam- 
ages to be collected, and always discourages any constructive, 
or conventional, or arbitrary estimate of such damages. In 
other words, the damages are the compensation to the injured 
party, requisite to repay him for his loss, which can be traced 
directly to the breach of contract. 

While damages to the extent o£ the actual injury sustained 

I can always be recovered, by a suit at law, in the case of a 

I breach of contract, it is customary in the writidg of engineering 

specitications to insert one or more clauses defining the amount 

I of the damages which it is agreed by the parties will be sus- 

tained in case of certain speeitic failures to carry out the con- 
tract; and since these failures are assumed to be on the part of 
the contractor, and since money is usually due him from the 
other party, it becomes possible, in this case, to remunerate the 
injured party by withholding a certain sum of money from the 
contractor who is guilty of the breach of contract. If a specific 
agreement to this effect be entered into by the parties, iv 
advance, the compensation for the injury done becuuse of a 
specific breach of the contract, may be recovered by simply 
withholding such a sum from the contractor, and paying over 
to him in final settlement ihe remainder. Because, therefore, 
of the facility with which such a setdement can be accoin- 
plishcd, and also to further provide against such a contingency 
arising by furnishing to the contractor a sufficient modve to 
prevent such specific breaches, and furthermore, in order to 
avoid a suit at law for the recovery of such compenssdon, It 
has become customary to insert what is commonly called a 
"penally clause." • 

I While recovery can be had by a suit at law for the actual 

• damages sustained for any breach of the contract, either wi 

kor without a specific clause to this effect, the penalty or dar 
• The rei.ler Is nqueiled lo rtia ig Ans. 51-53 foe 1 dlscuulan at ibt Ugtl phk 
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age clause in the specifications usually rtfcrs to one or more 
specific kinds of breach of contract, tie more common one 
being that of failure to compiele the work within the time 
agreed upon. The object of a penalty clause covering this 
particular kind of breach of contract is ruther to insure comple- 
tion of the contract within the time specified than to recover 
damages for a failure to do so. For this reason it has been 
commonly supposed if a heavy penalty were provided for a 
failure of this kind, it would serve as a strong motive to the 
oantractor to hasten the work. This being the object of such a 
dauw it has been common to specify a penalty or damage of 
so many dollars per day, for each and every day elapsing after 
the dale agreed upon for the completion, before the work is 
finally completed, the sum so n.nmed being often a very extrav- 
agant one. 

There are several ways of stating this clause, some of 
which are very much better than others. The following are 
the more usual forms: 

I, Provision for a speeijie '■^penalty." When a specific 
"penaity" is named for either a particular or for any bre.ieh of 
me contract, whether this sum named he a per diem, or a gross 
"noiint. the court will usually construe it as meaning that such 
■■ iitm is a fund provided in the specifications for the purpose 
w meeting such damages as may result from a breach of the 
CDQttact, and that only the actual damages sustained and proved 
"> ■ luit At law can be recovered from such fund. In other 
^'orda, a penalty clause so stated has little or no force, since 
"* l»w provides exactly the same remedy for any breach of 
""ilticl, without a specific agreement. 

H. The naming of a fer diem, or gross sum, as being 
'*« ^'asarfainod and liquidated damages" which will be sus- 
t»ine(J hy the injured party for a specific breach of contract 
'"^in named, this usually being for failure to complete the 
WitbLD the time specified. In this case the word "penalty" 
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is not used, and if it can be made to appear on trial that both 
piirties to the agreement really intended that the sum named 
should be forfeited in case of the failure therein described, and 
provided further this sum is not too extravagant and unreason- 
able, and provided the fact of failure and consequent liability 
be fully established, then and in that case the law will sustain 
the damage clause, and the injured party will be allowed to 
deduct it from any moneys due the contractor, or if this fund 
be insufficient, be may even sue tbe contractor and his bonds- 
men and recover the remainder. The following is a good 
example of this method of stating such a clause : 

And the said party of the second part hereby further 
agrees that the said parlies of the first part shall be and they 
are hereby authorized to deduct and retain out of the monevs 
which may be due or become due to the said party of the second 
part, under this agreement, as damages for the non-completion 
of the work aforesaid within the time hereinbefore stipulated 
for its completion, or within such further time as in accordance 
with the provisions of this agreement shall be fixed or allowed 
for such performance or completion, the sum of one hundred 
dollnrs per day for each and every day the time employed upon 
said work may exceed the time stipulated for its completion, or 
such stipulated time as the same may be increased, as herein- 
before provided, which said sum of one hundred dollars per 
day is hereby, in view of ihe difficulty of estimating such dam- 
ages, agreed upon, fixed and determined by the parties hereto 
as the liquidated damages that the parties of the first part will 
suffer by reason of such default, and not by way of penalty. 
A. P. B. 

III. An agreement that the engineer shall aseerlain and 

make an estimate of the actual damages sustained by a failure 
to complete the work within the time specified (or for other 
specific breach), and naming some or all of the items to be 
included in such estimate. In this case no effort is made ia 
advance to determine what the actual damngcs are, and the 
agreement simply consists in making the engineer an arbitrator 
to BCt for both the parties, in determining the amount of the 
damage as a question of fact. This is probably the strongest 
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also the fairest to all 



"•cthod of stating this clause, w!i 
parlies concerned. 

Becnuse of the difficulty in proving in a suit at law the 
actual damages sustained from the failure to complete an engi- 
neering contract within the time specified, the contractor usually 
pays very little attention to a penalty clause stated as described 
above in form I. As a rule, contractors are better informed as 
to the Inw of contracts than the engineers who write the specifi- 
cntions, and when this clause is stated as first described the 
contractor regards it lightly, well knowing that it has no partic- 
ular significauce. When stated in the second manner, however, 
provided the sura named be reasonable, the contractor will give 
•I much greater weight, and the party paying for the work can 
^vithhold money under it with much greater assurance of being 
sustained by the courts. The courts, however, have a repug-^ 
*lance to any agreement made in advance as to questions of 
i«ct. which in the nature of things could only be adbqtiateiy 
*ieteniiined after the breach had transpired. But because of 
the difficulty of fixing accurntely the amount of such damages, 
even after the breach, the law consents to a previous agreement 
**f»on a specific sum, provided ihis be reasonable, and provided 
'• he so clearly stated that the parlies signing the contract can 
"ot have misconstrued it. Concerning ihe last method given 
**f stating this clause, the law also has a repugnance to dele- 
Eating the authority of the court to a layman in the person of an 
"•■bitrator- When, however, Ibe question at issue is a '■"condi- 
*«o« precedent" lo settlement, as in this case of fixing the 
"mount of the damages, and when this arbitrator is the engineer 
f charge of the work, who is evidently the most competent 
penon to estimate the amount of such damage, the law readily 
«>ii»nils that he should act in such capacitj-, and if both parties 
navt agreed that his decision should be final and conclusive in 
'"* premises, there would seem to be no way of evading his 
iou, except by proving that it was fraudulent. 
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invalidates nearly all agreements, and nearly all obligations, if 
it can be shown that tlie engineer, when acting in the capacity 
defined in this clause, has knowingly and willfully overestimated 
of the damage; in other words, if it can be shown 
that he acted dishonestly in the matter, his verdict can be set 
aside and the matter can come before the court. Otherwise 
the court will rule that his verdict must hold, and the question 
can not be opened. As it is very difficult to establish a ques- 
tion of motive, and as the burden of proof rests wholly upon 
the contractor, it would seem that this method of writing ihe 
damage clause had many advantages. The following is a fair 
pie of such a clause. 

In case said contractor shall fail lo fully and entirely, and 
in conformity with the covenants, terms and agreements of this 
contract, perform, and complete said work, and each and every 
part and appurtenance thereof, within the time hereinbefore 
*" limited for such performance and completion, or within such 
further time as may be allowed by said Board for such per- 
formance and completion, said chief engineer shall appraise 
the value of the direct and computable damages caused to said 
city by such failure, owing to the disbursements made by said 
city on account of the further employment of engineers, inspect- 
ors and other employees, including all disbursements for ofTice 
rent, Iransportalion, supplies, and other matters connected with 
said employment; also the value of such other direct and 
computable damages as shall be caused by such failure; and 
the amount so appraised, when approved by said Board, shall 
be deducted by said Board out of such moneys aseithermay be 
due, or at any time thereafter become due, to said contractor 
under and by virtue of this contract, or any part thereof; and in 
case said appraised value shall exceed the amount of said 
moneys, then said contractor will pay the amount of such excess 
to said city, on notice from said Board of the excess so due; 
and it is hereby agreed that the decision of said chief engineer 
as lo the said appraisal, when approved by said Board," shall 
be final and binding on both piulies to this contract. 

E.K. 

87. The Discharge of Unpaid Claims of Work- 
men and Material men. The laws of many states provide 
that persons, who supply either labor or material to any con- 

•II may nr ni»Y nol bl wise to mako ihc verdict of ihr engineer iubjeci to tht 
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traictor or other person, to be used in the eonstruction of any 
building or other permjinciit work, i£ not paid by such party, 
may file a lien upou such completed or uncompleted work, this 
serving as a kind of first mortgage upon the property, under | 
which the property can be sold and the claim satisfied. When ' 
such a law obtnins, the only safe course, for the person paying 
for the work, is to satisfy himself before be fully pays for the 
work that all such claims have been liquidated, or he may if he 
choose, require the contractor to furnish a bond which may be 
*ued upon, either by himself, or by such material man or labor- 
••^B man as may have such a claim. This bond to be Inrgc 
Enough to cover all such liabilities. 

\Vheti the party paying for the work desires to satisfy him- 
»elf that such claims have all been disch.irged by the con« 
*""acior, the clause may be written as follows: 

Said contractor further agrees that he will pay punctually 

*He workmen who shall be employed on the aforesaid work, 

'■nd the persons who shall furnish material thereunder, and will 

■umish said Board with jatisTactory evidence that all persons 

^vho have done work or furnished materials under this contract 

^*ncl shall have filed any account of such claims wirh said Board, 

"ave been fully paid, or are not entitled to any lien under the 

• Aw« of this state; and in case such evidence be not furnished 

^^ aforesaid, such amount as said Board may consider neces- 

«arj lo meet ihe lawful claims of the persons aforesaid, shall 

"c iltjuctcd from the moneys due said contractor under this 

*=oniroct, and shall not be allowed until the liabilities aforesaid 

*hall have been fully discharged and the evidence thereof 

burnished said Board : and if such evidence is not furnished 

'before the final payment under this contract falls due, said 

^Oard may pay such claims in whole or in part to the person 

*T persons, firm or corporation claiming the same, and charge 

W»er amount thus paid to said conlractor, who shall Bccept the 

^ame as payment to the amount thereof upon this contract. 

E. K. 

When the party paying for the work does not care to put 

n'mwlf to the trouble of obtaining the information as to the 

^^[Charge of all such claims by the contractor, he may so frame 
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ihe wording of the bond that it will cover this case satisfactdn^T 
In tliis case this portion of the bond may read as follows:* 

The said as principal, and and 

as securities, hereby bind themselves and their respective heirs, 
executors or adnninistrators, unto the City of St. Louis, in the 

penal sum of dollars, lawful money of the United States, 

conditioned that in the event the said shall faithfully 

and properly perform the foregoing contract according to all 
the terms thereof, and shall, as soon as the work contemplated 
by said contract is completed, pay to the proper parties all 
amounts due for material and labor used and employed in the 
performance thereof, then this obligation to be void, otherwise 
of full force and effect, and the same may be sued on at the 
instance of a material man, laboring man, or mechanic, for any 
breach of the condition hereof; provided, that no such suit 
shall be instituted after the expiration of ninety days from the 
completion of the above contract, 

88. No Claims for Damages on Account of 
Suspension of Work. When the work contracted for is of 
a public character, as for a city, or for the United States Gov- 
ernment, and when it is expected to continue for a considerable 
period, and be paid for by appropriations from time to time, 
and also in other like contingencies, it is common to insert a 
clause to the effect that the contractor shall make no claim for 
damages for necessary delays he may eKpericnce in carrying 
out the work, when these delays are caused by the failure of 
appropriations, or by legal proceedings, and the like. 

On ten days notice the work under this contract may, 
without cost or claims against the party of the first part, be sus- 
pended by them for want of funds, or for other substantial 
cause. Upon receipt by the contractor of the order for the 
suspension of the work, all the materials shall be piled up 
compactly, so as not to impede travel on tlie sidewalk or car- 
riageway, or the use of fire plugs, gas or water slops, and 
all surplus material and nibbish shall be removed immediately 
from the street. When the party of the first pait shall order 
the work to be resumed the contractor shall complete the same 
upon the terms and conditions of this contract. 

E. A. F. 
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^L 89. No Claims for Damages on Account of De- 
^^Bf, In order tliat ihe piirty of the first part shall be freed 
^^TOm all claims which may be set up by the contractor for dam- 
ages on account of variotis delays and hindrances which he may 
have experienced in carrying out the work, and which he may 
make appear to have been caused directly or indirectly by the 
parly having the work done, or by other contractors upon the 
v\-ork, the following clause is oflcn inserted: 

The contractor shall not be entitled to any claims for dam- 
a^es for any hindrance or delay from any cause whatever in the 
progress of the work, or any portion thereof, but said hindrance 
*»iay eutitle said contractor to such extension of time for tom- 
pleting (he contract as may be determined by the engineer, 
provided, he shall have given notice in writing of the cause of 
t>Je detention. E. A. F. 

90. No Claims on Account of Unforeseen Diffl- 

Cultjea, In case it is the purpose of the contract to place 
^pon ihc contractor all the responsibility for contingencies 

*^'ltich may arise in the prosecution of the work, for which 
Sweater risk the party having the work done will, of course, pay 
'•* tbe increased price made by the contractor to cover such 
""■^k, tic clflUtie may be written as fqjlows: 

The contractor agrees that he will sustain nil losses or 
'"■'Xiagcs arising from the action of the elements, the nature of 
*•*© work to be done under the epecilications, or from any 
'***forese«i obstructions or cncnmbranceson the line of the work 
^^^^icb may be encountered in the prosecution of the same. 

E. A. F. 

^B 01. Protection of Finished Work. It is usually 

^^Wtomnry to hold the contractor responsible for the protection 
*nd care of the work until it is all finally completed and 
''cctpted. Even such portions of the work as have been com- 
pleted and provisionally accepted and payments made upon the 
"^ttic, febould be taken care of and fully protected by the con- 
^^iT^cior. until the entire work has been turned over. This often 
^^HM1> considerable expense upon the contractor, and when dis- 
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piites OH this question arc liable to arise, it is well to insert 
such a clause as the following; 

Contractors will be held responsible for any and all mate- 
rials or work to the full amount of payments made thereon, and 
they will be required to make good, at their own cost, any 
injury or damage which said materials or work may sustain from 
any source or cause whatever, before final aceeptance thereof. 

O. M. P. 

92. Protection of Property and Lives. It is 

always understood that the contractor shall he held responsible 
for all damages to property which may arise from any fault of 
his, or from any accident which may occur during the per- 
formance of the work. He is also held responsible for all 
losses of life or limb, and for all personal damages which may 
be sustained either by his own workmen or by the public, by or 
on account of the works he has under construction. In other 
words, it is made his duty to protect both life and property, so 
far as possible, from all damage, so far as these may be tracea- 
ble to the works themselves. If this responsibility were not 
specifically placed upon the contractor, the party having the 
work done would often be obliged to sustain the loss, since he 
authorizes the execution of the work, and the contractor ta his 
employee or agent. This clause is often written as two separate 
clauses, one referring to the damage to property, and the other 
to the damage to persons. 

Furthermore the wording of the bond is usually so made 
as to cover both of these items, so that in case the damage or 
loss is greater than could be repaid by the amount of money at 
any time due the contractor when the accident occurs, suit may 
be brought upon the bond against the bondsmen to recover the 
remainder. 

Inasmuch as claims for damages, either to person or prop- 
erty, usually manifest themselves in the form of suits at law 
against the parly authorizing the work and paying for the same. 
and not against the contractor himself, it is common to assume 
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inat this will be the case in all claims for damages, and towonl 
llie ctnasc accordingly. The following clause covers all of Ur' 
above contingencies in an acceptable manner: 

Snic! contractor further agrees that be will indemnify and 

»avc harmless said City and Bo.ird, and tbc officers and agents 

thcreol, from all claims, suits, actions, and proceedingsof every 

"arne and description, wbich may be brought against said City 

or Board, or the officers and agents thereof, for or on account 

°f any injuries or damages to persons or property received or 

sustained by any person or persons, firm or corporation, by or 

'^rom said contractor, or by or in consequence of any materials 

pr explosives used on said work, or by or on account of any 

"uproper material or woikmanship in its construclion, or by 

**»■ on account of any accident, or of any other act or omission 1 

**f Raid contractor, or his agents, or servants, and said con- I 

'•'acior also agrees that so much of the money due, or lo become I 

^ue, lo him under this contract as ^hall be considered necessary I 

*^y said Board, may be retained by said Board until all such 

ttuits or claims for damages, or otherwise, as aforesaid, shall 

^nve been finally settled and determined, and evidence to that 

effect furnished to the satisfaction of said Board. i 

E. K. 
The following is a common method of wording this clause, J 
^vhicb defines the contractor's responsibility without referring 
'"^ suits at law: 

The contractor shall put up and maintain such barriers and 
""etj lights ns will effectually prevent any accident in conse- 
*3*»ence of his work, for which the city might be liable, and he 
^'''alt l>c liable for all damages occasioned in any way by his 
^*^ts or neglect, or that of his agents, employees, or workmen, 

E. A. F. 

93. Protection against Claims for the Use of 

**^tents. When it is anticipated that patented appliances or 
***cthods may be used either by the contractor in prosecuting 
*he work, or as forming a part of the completed work itself, in 
^I'dcr that the party authorizing the work may be able to col- 
lect from the contractor such fees as be may be forced to pay 
*ii«;refor, a special clause in the specifications may be written 
'•a cover this case. This clause may be as follows: 
■^^^ All fees (or any patented invention, article or arrange- ] 
^B^Kita that may be used upon or In any manner connected with J 
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tbecmutraction. erection, or maiiitenaiice of the work, or any 
paft tfacTcoE embraced in these Gpecitications, shall be included 
ttt the pfice mentioned in the contract, and the contractor shall 
pirotact anJ hold harmless the party of the first part against any 
and all demands for such fees or claims, and before the final 
pdvincnt or settlement is made on account of the contract, the 
^iMtractur must furnish acceptable proof of a proper and satis- 
t»<;toTv rvlense from all such claims. 

E. A. F. 
94. Assignment of the ContrEict.* If it is the 
ilMuliou of the party letting the work that the person or persons 
wbo lake the contract shall perform the work themselves. 
wtlhtMil subletting it, it is necessary to prescribe that this shall 
bt dotM) tu onler to insure that it may not be sublet. One 
Ktvttt objection to the subletting: of contracts is that the sub- 
t^wtttroctvr can not be held directly by the principal, since 
ttwM two have not entered into contract. The principal can 
uiily h*i\.i3 the oiiginal contractor, and all dealings with the sub- 
<<Mia«ctoi must be through him. This gives rise to delays and 
VMAlwlKtory performance, and is usually prohibited by the 
»|HKiD««tiou>. The following form is adequate to this pur- 

)HW9- 

S»iii contractor further agrees that he will give personal 

itttiiutii>» constantly to ihe faithful prosecution of the work, and 

vkUl "ul ii«»lic'i or sublet the work or any part thereof, or any of 

ibu iiKnivv» i>r orilers payable under the contract, without the 

luu\(i>oi wiiltou consent of said board endorsed on this con- 

, 1, but will keep the same under his personal control; that 

. hi under this contract, nor to any moneys or orders due 

. I>tf>.»nte due hereunder, shall be asserted against said city 

....I ..r nny department, olTiccr, or officers thereof, by 

' "<\ M>-called assignment, in law or equity, of this 

: iiiv piirt thereof, or of any moneys or or.lers paya- 

1. 1 , unless such assignment shall have been author- 

wiiltcn consent of said board endorsed on this 

.1 111! person other than said contractor now has any 

luliT, and that no claim shall be made excepting 

pr, ilic clause of this contract, and under that clause 

..a,^ (,. , biMU of workmen and materialmen. E. K. 

uA. Contractor not Released by Subcontracts. 

. >< iinticipiilod that a portion at least of the work 
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"ill be sublet lo other contractors, and when in the natine of 
tilings this is advistihlc, it may be specified that such subletting 
of all or of any portion of the work in no wise relet 
tractor from full and faithful performance. 
specification would then hold: 

No subcontract shall under any circumstances relie 
contractor of his liabilities and obligations under his contract; 
^liDUld any subcontractor fait to perform the work undertnken 
by liiai in a satisfactory manner, and should this provision be 
violated, the party of the first part may at their option end and 
terminate such contract. E. A. F. 

96. Abandonment of Contract. In most large engi- 
neering contracts it is wise to provide for the emergency of 
abandonment. This term is here used to include not only 
deliberate and acknowledged abandonment of the work on the 
part of the contractor, but also such viohitlons of the conti'act, 
either in the letter or in the spirit, or such unnecessary delay in 
^tA execution as may be construed as a virtual abandonment of 
Uic contract, so far as its express fulfillment is concerned. In 
Such eases it may become necessary or desirable to take the work 
Out of the hands of the contractor altogether, and to hire (he 
Accessary labor and purchase the necessary material, and com- 
plete the work under the direct superintendence of the engi- 
neer, charging all such items of expense against the contractor. 
Btit) providing for the payment of the s.ime, even though they 
should exceed alt moneys due the contractor on the completion 
<*t the work. While the common law would warrant the party 
paying for ihc work in assuming the control of it, and charging 
l^e cost of the same against the contractor, in case of his 
express and acknowledged abandonment, it would not authorize 
the engineer in assuming control of the work because of delav 
UT other violations of the terms of the contract, A provision 
*<*ch ts the following may therefore be inserted: 

S»id contractor further agrees that if the work to be done 
Bodw this contract shall be abandoned, or if this contract shall 
*>« wblct or assigned by said contractor, or any of the moneys 
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or orders payable thereunder shall be assi^ied, otherwise than 
as herein provided, or if at any time said chief engineer shall 
be of the opinion, and shall so certify in writing to said board, 
tbat ihe said work is unnecessarily or unreasonably delayed, or 
that said contractor is willfully violating any of the terms, cove- 
nants and agreements of this contract, or is not executing this 
contract in good faith, or is not making such progress in the 
execution of said work as to indicate its completion within the 
required time, said board shall have the power and right to 
notify said contractor to discontinue nil work or any part thereof 
under this contract, and upon such noiiHcation said contractor 
shall discontinue said work, or such parts thereof as said board 
may designate; and said board shall thereupon have the power 
to employ by contract, or otherwise, and in such manner and at 
such prices as it may delermine, any persons and obtain any 
animals, carts, wagons, appliances, implements, tools, and 
other means of construction, which it may deem necessary to 
work at and be used to complete the work herein described, or 
such part thereof as said board may have designated; also, the 
power to use such appliances, implements, tools, and materials 
and means of construction of every description as may be found 
upon tl'.e tine of said work, both such as enter into the com- 
pleted work, and such as are necessarily used in and about the 
same in the course of construction, and to procure other proper 
materials for the completion of the same; also to charge the 
expense of all of suid labor, materials, animals, carts, wagons, 
appliances, implements, tools and means of construction to said 
Cijntractor; and the expense so charged shall be deducted and 
paid by said board out of such moneys as may be due or 
become due at any time thereafter, to said contractor under this 
contract, or any part thereof. In case such expense is less than 
the sum which would have been payable under this contract if 
the same had been completed by said contractor, it is agreed 
that said contractor shall be entitled to receive the difference; 
and in case such expense shall exceed the sum which would 
have been payable under this contract if the same had been 
completed by said contractor, then said contractor shall pav 
the amount of such excess to said city, on notice from said 
board of the excess so due. It is further agreed that neither an 
extension of time, for any reason, beyond that fixed herein for 
the completion of the work ; nor the performance and the accept- 
ance of any part of the work called for by this contract, shall he 
deemed to be a waiver by said city of the right to •assume con- 
trol of this contract for the reasons and in the manner hereinbe- 
fore provided. E. K. 

97. Cancellation of Contract for Default of Con- 
tractor. In the previous case it was provided that undei 
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'^■n coil tinge ucies the party of ihe first part would be warranted 

"> nssuming entire control of the work, and completing it under 

'he contract, and for the contractor. His agency in the matter 

•^ciiig displaced by that of the engineer, because either of 

8^068 violation of the contract, or for incompetency or unwiU- 

''>Sne«s to carry it out. That clause provided, therefore, that 

^ engineer should under such contingencies be appointed to 

'^'•tTj- out the contract with the party of the bccond part, in his 

*tead, the contratt it%elf, however, still remaining in force, and 

'*)e Gnal settlement to be made in accordance with its terms. 

For a similar set of contingencies as above described, the 
P^rty of the first part may prefer to cancel the contract alto- 
gether, and instead of completing the » oik under the super- 
^^i«ion of the engineer, he may prefer to let a new contract for 
*He currying on of the work. To do this, the contract itself 
'*»u5t be rescinded or canceled, and in ordtr to give the party ( 
*>£ the first part the lefial authority for domg this, a clause si 
*« the following may be inserted. Here all moneys due upon j 
*tie contract at the time the contract is canceled will be for- 
feited to the first party. See article 49, 

la lieu of the exercise of the power hereinbefore given, in 
^ge of said contractor's default, to employ workmen, pur- 
:liaBc toots and materials, and complete the work, said board 
•"«»erves the right and option, instead thereof, to annul and can- 
cel this contract and relet the work, or any part thereof, and 
aid contractor shall not be entitled to any claim for damages 
^^n account of such annulment, nor shall such annulment affect 
ihe right of said city to recover damages which may arise from 
e-ucli failure on the part of said contractor to fulfill the terms of 
t^his contract. And in case of such annulment all moneys due 
«&Hid contractor, or retained under the terms of this contract. 
tshall be forfeited to said city, and be paid to the credit of the 
fund for extending water pipe in said city; but such forfeiture 
Sihnllr however, not release said contractor, or his sureties for 
the fulfillment of this contract, and said contractor and his 
sureties shall be credited with the amount of the moneys so 
forfeited toward any greater sum that they may become liable , 
to said city on account of the default of said contractor. 
E. K. 
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98. Workmen's Quarters and Other Temporary 
Buildings. It is usually neceasnry for tlie contractor to erect 
lemporary buildings for the protection of his tools and mucliin- 
ery, or for office purposes, and sometimes, when the work is at 
a distance from boarding house facilities, it is necessary for 
him to provide temporary quarters for hislabor. The location, 
erection, and removal of such temporary structures should also 
be subject to the approval of the engineer in charge. If tem- 
porary quarters for workmen are not really necessary, it is best 
to prohibit them, at least to prohibit their erection on the prop- 
erly belonging to the party of the 6rst part. The following is 
an example of such a clause; 

The contractor may build such sheds, storehouses, etc., 
as are necessary for the woik, but the locaiion of such sheds, 
etc., must be such as will not interfere with the work of Other 
I'ontractors, and must be approved by the water commissioner. 
No buildings, sheds, or tents to be used as quarters for work- 
men or teams will be allowed on the cily property,* 

M. L. H. 

99. Cleaning up after Oompletion. In nearly ail 
kinds of engineering construction tlie grounds surrounding or 
along the line of the work are nccess.irily more or less defaced 
and encumbered by various disturbances of the surface, dt by 
refuse and waste material, temporary buildings, etc., and it h 
usually made the business of the contractor on the completion 
of the work to clear up the grounds, and to put them in as pre- 
Eenlable a condition as practicable. This does not involve any 
grading or removal of earth, unless it be the excess or waste 
which remains on the natural surface from hts ovro excavations. 
It does, however, include the cleaning up o£ his own work, 
whether it be buildings, foundations, masonry, conduits, pits, 
etc. The following is such a clause written to cover the case 
of waterworks engine ph's: 

When the work is completed, all pits, pipes, chnmbers, 
conduits, etc., shall be carefully cleaned out. The surround- 
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ing gcoiinds shall be cleared of all rubbish caused by construe- 
''on, hU sheds, etc., and left in a neat and presentable condi- 
tion. M. L. H. 

100. Removal of Condemned Material. When- 
ever any material which has been brought upon the ground by 
the contractor has been inspected and rejected by the engineer, 
or his assistants, it should at once be removed from the line of 
ihe work, in order to prevent its use when the engineer or his 
inspectors are not present. To further insure against the use 
>f condemned material by the contractor, it is sometimes 
specified that all such material shall be stored by the contractor 

a specified place, where it shall be kept under lock and key, 
»i»d under the control of the engineer only. In case the con- 
tractor declines to remove such material from the line of the 
woirk, or declines to take out any defective work, there should 
fcft « provision authorizing the engineer to do this at the con- 
tractor's expense. The following clause may be used: 

Defective work and material may be condemned by the 
engineer at any time before the final acceptance of the ivork, 
«n<l when such work has been condemned it shall be imme- 
diately taken down by the contractor, and rebuilt in accordance 
witJi the plans and specifications. When defective material 
hits been condemned, it shall be at once removed from the line 
of the work, and stored as directed by the engineer, or other- 
wise disposed of to his satisfaction. In case the contractor 
sball neglect or refuse to remove or replace any rejected work 
or niaterial after a written notice, within the time designated 
''y the engineer, such work or material shall be removed or 
fsplaced by the engineer at the contractor's expense. 

M. L. H. 

101. Relations to Other Contractors. Where more 
"»an one contractor is expected to be engaged simultaneously 
"Poa the same work, it Is well to insert a clause in the epeciti- 
^*tions defining the obligation of each of these contractors to 
"« othcfB in certain particulars as follows: 

The contractor is required so far as possible to so arrange 
"w work and to so dispose of his materials as will not interfere 
*'>th the work or storage of materials of other contractors 
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engaged upon the work. He is also required to join his worfe 
to thnt of others in a proper manner, and in accordance with 
the spirit of the plans and specifications, and to perform his 
work in the proper sequence in relation to that o£ other con- 
tractors, and as may be directed by the engineer. 

M. L. H. 

102. Provision for Drainage. Where the natural 

surface drainage is likely to be interfered with by the work of 
the contractor, it may be specified that he shall maintain pro> 
vision for such surface drainage during the progress of the 
work, and that he will be held liable for all damages from his 
neglect to comply with this provision. The clause may read as 
follows : 

If it is necessary in the prosecution of the work to inter- 
rupt or obstruct the natural drainage of the surface, or the flow 
of artificial drains, the contractor shall provide for the same 
during the progress of the work in such a way that no damage 
shall result to either public or private interests. For any 
neglect to so provide for either natural or artificial drainage 
which he may have interrupted, he shall be held liable for all 
damages which may result therefrom during the progress of the 
work. 

103. Provision for Public TraflBc. If it becomes 

necessary in the prosecution of the work to obstruct the public 
streets or sidewalks, and if it is practicable to carry on the 
work without closing these streets against alt trafllic it should be 
specified that 

The contractor shall make suitable and adequate, provi- 
sion for the safe and free passage of persons and vehicles by, 
over, or under the work, while in progress. Such provision to 
be made to the satisfaction of the engineer. 

E. A. F. 

104. Contractor to Keep Foreman or Head 
Workman, and alBo Copy of Plans and Specifications 
on the Ground. Wheuevc-r work is visited by the engineer 
ur his assistants or inspectors, the pl:ms and specific tttions 
should be available for examination and if instructions are to 
be given for the further prosecution of the work or for any 
changes or corrections, some responsible person should always 
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P present who is authoiJzed to receive such instructions for the 
contractor, as his ageot. In this case the instructions given to 
this ngent have all ihe legal force which Ihey would have if 
giv«ti directly to the contr:ictor. Tiiis i-lausc may read as fol- 

At all times when work is in progress, there shall be a 
foreman or head workman on the groutids, and also copies of 
flie plans and specifications. Instructions given to such fore- 
man or head workman shalf be considered as having been 
fiveo to the contractor. 

E. A. F. 

105. Oost of Ezajpination of Completed Work. 
Whenever the engineer desires to examine work which has been 
completed in whole or in part, tliis examination involving the 
tewing down of some portion of ihe work, and a corresponding 
expense both in taking dowil iind in recon struct ing it, it is only 
fairto pro%'!de thnt in case the work should be found to have 
^eeti performed in accordance v^ith the contract, the cost of 
tearing down and rebuilding should be paid by the party of the 
firBt part; but if it should be found that the work had not been 
constructed according to the contract, this cost should fall upon 
the contractor. The following is such a clause: 

Whenever required by the water commissioner, the con- 
tractor shall furnish all tools and labor necessary to make an 
«araination of any work completed or in progress under this 
contract. If the work so examined is found to be defective in 
»ny respect, or not in accordamre with this contract and specifi- 
Mtiona, Ihe contractor shall bear all expenses of auch examin.i- 
"oti and of satisfactory reconstruction. 

IC the work so examined ts found to be in accorJ!ance with 
tile specifications and contract, the expense of exaiiiination and 
^construction will be estimated to the contractor at a fair price 
*'*'>« determined by the water commissioner. 

M. L. II. 

106. Faults to be Corrected at any Time before 

'^i&Ill Acceptance. It should usually be understood between 
"■t parties that no net of the engineer or of the inspectors should 
'* Wnsirucd as final acceptance of any portion of tlie work, 
""Itss it is specifically so declared in writing by the engineer. 
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Also that any failure to detect faulty or incomplete perform- 
ance before the time of final acceptance should not be con- 
strued as an acceptance of the work. After the final accept- 
ance by the engineer, ihe contract is no longer binding on the 
contractor in the way of requiring specific performance, but a 
reservation may be entered in the contract in accordance with 
which, if imy defect or fault should subsequently appear which 
was undetected before the time of final acceptance, the party 
of the first part should have the right to recover damages for 
such fault or defect. A clause to this latter effect is not usu- 
ally inserted, but it is legitimate H* the circumstances should 
seem to require it. The circumstances might require it when 
the work is of such a character that faults could not readily be 
detected until the works had been put in operation. The fol- 
lowing is an example of such a combined clause; 

Failure or neglect on the part of the engineer or any of 
his authorized agents to condemn or reject bad or inferior work 
or materials, shall not be construed to imply an acceptance of 
such work or materials if it becomes evident at any time prior 
to the final acceptance of the work and release of the contrac- 
tor by the party of the first part ; neither shall it be construed 
as barring the party of the first part, at any subsequent lime, 
from the recovery of damages or of such a sum of money as 
may be needed to build anew all portions of the work in which 
fraud was practiced or improper material hidden, whenever 
found. 

107. Surveys, Measurements, and Estimates of 
Quantities not Guaranteed to be Correct. It is not 

usually possible to give in advance complete measurements, 
dimensions, and estimates for all pai ts of the work. Especially 
is this true of the more detailed dimensions. It should alwavs 
be understood, therefore, that the contractor must be responsi- , 
ble for the proper adjustment of the dimensions and details of 
the different parts of the work to each other and that the 
dimensions and ligures given on the plana and specifications 
are always subject to changes during the progress of the work. 
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;fers especially to tlic construction of n 



I' The followiag dauM i 
«ed viaduct :• 

Contractors arc also required to check nil leading dimcii- 
tioD! add clearnnccs as a whole and in detuil. the fitting of all 
detjiiis, and to become responsible for the exact position and 
elevoliun of all parts of the work, which will only pnmnrily be 
locjitcd by the engineer of the department of public parks. 
They will maintain their own field engineering, itiiit of ihe city 
being for the purposes of original lay-out, inspection, and 
clicking. The contractor must provide and maintain auch 
faciliciva for the engineer or his aEsistants as be may require 
for tlie convenient examination and inspection of the work in 
progiess. He will pay the cost of testing all material in Inbora- 
lOrieg or shops, and the cost of such mill and shop inspection 
** ht may be called upon to perform in addition to tbnt fur- 
nished by the engineer, the selection of such laboratory or 
inspectors being dictated by the engineer, lo whom they will 
'Sport He will furnish such monthly progress photographs as 
may be required to maintain the record. A. P. B, 

108. The Contract Subject to Interpretation and 
Change by the Engineer in the Following Particu- 

(a) Where meaning is obscure and uncertain. 
(i) As to what is implied beyond that which is specific- 
aiiy descjibed. 

(c) In case of discrepancies between plans and specifica- 



(i^) In case changes of plans or methods of work 
atlenvards decided upon. 

Since the engineer is the author of the specifications, 
""dently is the proper party lo interpret their meaning. 
son niihout saying that the specifications and plans should bi 
'* clear and definite as possible in all particulars, but it i: 
^lite impossible to tree language from many mhcrent defects, 
"tither i* it practicable to describe minutely and in detail al 



It 
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parts of the work. There will, therefore, usually be some 
uncertainty us to the real meaning of the words used in the 
specif! cations, or even of tlie drawings themselves, and many 
of the details of the work must be understood by implication, 
rather than described in either the specifications or the plans. 

Occasionally also by some oversight the plaus and specifi- 
cations will rot agree. This usually results from changes of 
plan after one or thu other has been drawn, such changes being 
made in the one place and not in the other. As a rule the 
specifications control, rather than the plans, and the figures on 
the plans control, rather than the actual dimensions of the 
drawings when taken to scale. The engineer should, however, 
be at liberty to determine what the real meaning was intended 
to be in all cases of discrepancies. 

Very few contracts for large works are carried out from 
beginning to completion without changes being introduced in 
both the plans and in the specifications during the progress of 
the work. Tiiese changes may arise from a newly devised 
method or plan which may be considered superior, or from 
unlocked for obstacles met with in the work, or from sugges- 
tions on the part of the contractor himself. They also are 
frequently made in order to reduce the cost of the work, and 
on the other hand are sometimes made in order to improve its 
character. It should be understood, therefore, that the engineer 
has the privilege of making such changes in the plans and 
specifications at any time. 

So far as the engineer may add to the plana or specifica- 
tions by way of interpretation of their true meaning, as In («) 
and (3), such supplementary and explanatory matter should 
not involve any change in the contract price. 

In the matter of discrepancies, however, between plans 
and specifications, if the contractor can show that be based his 
estimate oa one of these to the exclusion of the other, and when 
interpreted by the engineer, he finds he had estimated on a plan 
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ttatCfially cheaper than that now required, it would be but ju6t 
iid right to allow him the difference Jii the cost, since he bad 
suppose that the plans and specifications were in 



When changes arc tntroclm 



I the plai 






; let, such chni 



t after Ujc contract i 
tract, and as a mslier of course there must be a new ngreemenl 
>s to compensation. ' Without a special clause authorizing such 
changes neither party could change the terms of the contract 
againiit the will of the other without breaking it. Furthermore 
without some understanding as to how the compensation should 
he determined for such change in plans or specifications, the 
panj of Uic first part would be at the mercy of the contractor 
in this matter, and he could charge an extrav.igant price for 
such changes, and there would be no remedy. The following 

■liable clause* covering all these matters: 
lid contractor also agrees that said chief engineer slvAl 
fas to the meaning and intent of any portion of the fore- 
spec ifi cat ions, or of the plans, where the same may be 
obscure or in dispute; and anid chief engineer shall have 
*h« right to correct any errors or omissions (herein, when such 
corrcclions are necessary to the proper fultillment of the inten- 
tion of said plans and specifications! the action of such'cor- 
'ecfion to date from the time said chief engineer gives duo 
notice diereof. And It is also agreed by said contractor that 
Mid board may, at any time, make any changes in the location, 
'orm, dimensions, grades, and alignments, and may make any 
^arintioiis iathe quantity of the work to be done, as exhibited 
"1 the ndvertisement or notice of letting hereto attached, or iii 
'iie forai of proposal or bid for said work, and may entirely 
■^wliide any of the items oi work relating to said quantities at 
■""ly time, cither before ihe commencement of the work, or 
''iringiis progress, without thereby altering or invalidating 
■'"y of the prices herein named, or this contract in any other 
■^^pect; should such action diminish the amount of work that 
^"mli otherwise be done, no claim shall be made for damages 
Tithe ground of loss of anticipated profits on work so dis- 
penwdwith; and should such action be taken after the com- 
"""icemcnt of any particular piece of work, and result thereby 
said contractor, said chief engineer shall certify 
le amount to be allowed therefor, which he shall 
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iJer fair and equitable, as between the parties, nnd his 
when approved by said boHrd,* shall be fiaal and 
conclusive. E. K. 

109. Settlement of Disputes.t While the contract 

lies heUveen the p.-^rty paying for the work, being the party of 
ihe first part, and the contractor who docs the work, being the 
parly of the second part, the contract itself is administered and 
enforced by the engineer, who is usually employed by tlie party 
of the first part. It is well understood also that the engineer 
is supposed to act always in a strictly professional and admin- 
istrative capacity, that he has no personal interest in favor of, 
or against either party, and that his sole object is to see tiint 
the contract is faithfully carried out in accordance with its 
express terms and real meaning. It is also recognized that he 
is the most competent person to determine all differences and 
disputes, where these arise between ihe parties to the contract, 
or between two or more contractors engiiged upon the same 
work. It is proper and right, therefore, that he should be 
made the referee in all cases of dispute or misunderstanding, 
and that his position as arbitrator should be made final and 
conclusive in the premises. If it be expressly agreed upon 
between the parties themselves that the engineer shall act in 
this capacity, then his decision does become binding and final 
upon the parties, even to ihe exclusion of the action of the 
courts, unless it can be shown that the engineer acted through 
prejudice, or ignorance, or fraud. As it is usually very diffi- 
cult to establish a case against the engineer on either of these 
grounds, a clause such as the following usually acts lo settle all 
disputes and to keep such controversies out of the coaris. 
Honesty and fairness is a,lso so common a characteristic of 
engineers that a clause such as the following is nearly always 
iicceptable to both parties, and very seldom results in injustice 
being done to either party. 
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To pievcnt all disputes and litigation, it is fiirllier agreed 
hy and between Ihe parlies to this contract, that said chief 
engineer sliall be the referee, in all cases, to determine the 
amount, quality, acceptability, and fitness of the several kinds 
of work which are to be paid for under this contract, and to 
decide upon all questions which may arise as to the fulfillment 
of said contract on the part of said contractor, and bis decision 
nnd determination, when approved by said board" shall be 
final and conclusive. Said contractor shall also afford all 
reasonable facilities for access to his work to any other parties 
or contractors who may be doing extra work or be working on 
a section of the conduit adjacent to his own, and any difference 
which may arise between two contractors in regard to their 
adjoining work is to be adjusted by said chief engineer, whose 
decision in the matter shall be final and binding upon both p 



s,t 



E. K. 



110. Extra Work, t White all changes in plans and 
specifications have been provided for in section loS, it is well to 
■nscrt a special clause on the subject of extra work. It is com- 
mon for contractors, on Ihe completion of a piece of work, to 
bring in A bill of extraB, which they claim represents work 
which they were asked to perform, and which was not included 
'n the plans or specifications, and which was not specially pro- 
'idedforby particular agreement with the engineer with the 
■corresponding compensation to be paid for it. What the con- 
''"•ctor's ideas or intentions may be on this subject does not 
usaajly develop until the work has been fully completed 
"od the lime of final settlement has arrived. In many instances 
" Is them too late to determine the exact facts concerning this 
'Xtra work, either because of the incompleteness of the records, 



llibc hMciI "CendHhiu Prrtr, 
va' wonld Include all qnatlanB 
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: of the tBopmcticatiility of making the necessary 
Socfa a bill of extras, tlierefore, brought in at 
K of s c ttfe m cm is tlvrtyf. ibe source of a certain amount 
I antl iiriUtioii. and when the piece of work extends 
••W a coBSMlenbV leBgtb of time, such a contingency as above 
^seAiiIiboatd be preveated by requiring all such bills ol 
•iittasMfcc prescMed froin month to month. Furthermore, it 
i> dnmUr also tbM tbe contractor should reveal to the engi- 
■BV kiK Mtmtims in regard to claims for extras, before such 
ottA wwfc b cxmiled. In this case if he will not accept of the 
fnc* fetfd bv the eugineer for doing sach uorlc the engineer 
t privilege of letting this estra work to another 
tk ibis way extravagant prices for such work could be 
i dtsputies avoided, and the following is given as 
e of mcfa a clause, on a piece of work which 
r a considerable period of time: 
IL fear extra work shall be considered or alloweil, 
H 9Ki^ CjLtra wt>Tk shall have be«n previously ordered by 
, in writing. The claims for such extra work, 
'!, »faa)l be presented to such board on or before 
if tbe month following that in which said extni 
, othetA\i*c s-uch claims during that month will 
a*d vtai^cd. In case anv extra work shall be 
iiii tk* prii^^r performance of the work contemplated 
'"ItMottf^ this ci>utracl. it is understood that said board 
* rij^ h> ha\x such extra work done by any other 
ff V^xporaitoit thKU the said contractor, unless an 
« tW prices to be paid for such extra work cnu 
>d oetwvcn said board and contractor. ShouM 
It t>« M to any other person, firm, or corporation 
w, Mitil contractor further agrees that he will 
\ iMerfere with, or molest snch person, firm, or 
,1 ttMt M>d contractor will suspend sucb part of 
t IPirilirii . or will cany on tbe same in such a 
— *'! oi d tiiJ by said u^inccr, so as to afford 

^_ I lor dowi; such estra wori:; but said 

%(> VMkt DO daim for damages, or for any 

1^ ottxr ttian expressed by tbn contract, by 

I and tbe doiog of ancb extra work, 

It •( tine to perfona Ais contract, as may 

[| in WTiting br said cbief engineer, and. 

»txU £. K. Ji 




THE OENERAL CLAUSES IN SPECIFICATIONS. 

111. Definition of "Engineer" and "Contractor." 

'>\''h;ie it is not at all iiecessni-y as a rule to dcilnc the terms 
(••Engineer," "Contractor," -'Board," etc., it is usually well to 
I Insert such a definition, to prevent any legal quibble in case 
I suit is brought by either of the parties to the contract. In this 
I definition also the agency of persons acting for either of the 
I principals or for the engineer is also detinecl. 

Wherever the word "engineer" is used herein, it shall be 
, end is mutually understood to refer to and to his properly 



■J refer to- 
ted by the particula] 



duties entrusted to 



uthorized agents, lin 
, them. 

Wherever the word "contrnetor" is used herein, it shall be 
I nnd is mutnnlly understood to refer to the party or parties con- 
tracting to perform the work to be done under this coutiact, or 
'be legal representatives of such parly or parties. 

E. A. F. 

112. Documents Composing the Contract. While 

MnraoD law all the documents, acts, agreements, public 
betnenls. etc., which relate to or serve to explain the full 
ig and intent of the contract, are made portions of such 
cl, it is well also to specify particularly what docu- 
nifroti combine to make what is understood by the parties as 
'•the contract." This claate is frequently inserted in the 
fnnciitig agreement, which may or may not precede the speci- 
(icalions proper. It is here inserted as a clause in the speciti- 
cntions, but perhaps more properly belongs in what is sometimes 
ilcMKnatcd more specifically as ."the contract." The clause 
"•sytead as follows; 

derslood by the contracting parties that the foilow- 

essential portions of the complete contract: 

the proposal, nil 

in described, 



'^"^g documents a 

' iie nilvertiscment, the instructions U 
'lf»»mg6, map!, and plans, hereto at 
'''espccitlcalions, specific contract, a 



i bond. 



U3. Meaning Understood. It is not unusual for 
"iBIttctorB to enter a plea, either during construction or on 
""*! Kltlement, that such and such parts of the specifications 
^t understood, and thai their bids were made under a 
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mtsapprehension. 1 o prevent the making ol such a claim KB 
following may be inserted: 

Said contractor hereby admits that he has read each and 
every clnuse in this contract, and fully iinderMands the mean- 
ing of the same, and hereby agrees (hat he will coraplj' with 
a[[ the terms, covenants and agreements herein set forth. 

E. K. 

114. The Use of O-eneral Glauses in Engineering 
Specifl cations- While the general clauses here described 
with illustrative examples may appear to the reader unneces- 
sarily voluminous, their purpose and effect is lo clearly deRnc 
the business relations of the parties, and to prevent injustice 
being done to either party. They are also calculated to prevent 
litigation and delay in the final settlement, and if they are able 
to effect these ends they are well worth inserting, even where 
the work to be done is relatively small, and unimportant. The 
engineer sjiould be careful, however, that all such clauses are 
consisIenC as between themselves, and it is best also to make 
them mutually exclusive. In other words, the same thiDg 
should not be described or defined in more than one clause, AS 
repetitions only weaken the document. Furthermore, no com- 
dition or limitation should be insertedwilhout a full intention 
of strict compliance. If the engineer begins to reins in his 
requirements in one particular, the contractor will not be slow 
to take advantage of such precedents, and to claim similar 
privileges in other directions. ' If the engineer could know in 
advance who thu contractor m*.is to be, many of the clauses here 
offered might be dispensed with, in case the contractor wa» 
known to be thoroughly honest and competent. The specili- 
CBtions are prepared in advance, however, and it is wise to 
assume that the contractor will be a more or less irresponsible 
parly, without reputation to sustain, and whose ^ole object Is 
personal gain. It must also be understood that the clauKi 
here given are offered only as illustrative examples, and not to 
be blindly copied. The engineer in writing the specificatioiu 



THE GENERAL CLAUSES IN SPECIFICATIONS. 125 

should have clearly in mind what the business relations arc 
iDtended to be, and make his general clauses consistent with 
that conception. He could probably consult other specifica- 
tions, or the clauses as given above, as suggestions and to 
enable him to avoid omitting some essential condition which he 
wishes to insert. It is believed, by the author, that the clauses 
here quoted have the support of the leading members of the 
profession in this country, and that they are well adapted to 
determine the conditions which the engineers who use them 
desired to impose. It must not be supposed, however, that all 
these general clauses would ever be embodied in any one 
specification. 




L 



Specific Descriptive or Technical Clauses 
in Specifications. 

116. Essential Features of Good Specifications. 
We now come to consider that portion of any given set of 
specificBtioiis which relates to and describes the work itself. 
In writing specifications of this kind, the following require- 
ments should be complied with: 

(«) The work should be described first as a whole, and 
then in detail. 

(i) Every portion and detail of the work should be 
described in clear and simple language which will be under- 
stood by the contractors who are supposed to bid on the work. 
These descriptions should have reference to the ultimate end to 
be accomplished rather than to the means and methods to be 
employed. It is usually not wise to specify methods unless in 
the opinion of the engineer some particular method ia far 
preferable to any other. 

(c) The clauses in the specilications should be made so 
far as possible mutually exclusive. That is to say, no part of 
the work should be specifically described in more than one 
place. Repetition of descriptions tends to weaken the docu- 

{d) The specifications should be dear in the matter of 
Indicating what is absolutely required without any allernalive, 
end what is named as indicating in general the character of the 
pruduct, and in which alternative materials, methods, or results 
vill be allowed. If the engineer .intlcipates that some clauses 
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1ti the specifications are to be rigidly insisted upon, while others 
^vill not be specitically enforced, this intention or state of mind 
of the engineer should be revealed in the specificfltiong them- 
selves. In other words, the contractor should know in advance 
bow ihe specifications are to be interpreted, so far as it is pos- 
sible lo give this information in Uie spccificauons. 

(») Tbe last named requirement demands that the engi- 
neer should be so familiar with all the details of the work 
dwcribed, from actual experience, that he is able to know in 
•dvance what his decision will be in the various contingencies 
which may arise during the progress of tbe work. His fore- 
light in this particular must be complete and distinct, which 
'«n only be the case when the engineer who writes the specili- 
caHons has had considerable experience in cairying out practi- 
^lly the same kind of work. 

(y) In choosing units of measure, io describing the work, 
to be used for delermining compensation, only specific and 
•'^finite units should be chosen, or they should be so defined 
** to admit of no double meaning. For instance, to say that 
'^'Ortar shall be composed of one part cement to two parts of 
•and comes very far from defining a particular ratio of ingre- 
'^'Cnu. If the words "by weight" be added, it still fails to 
^*fine, inasmuch as wet sand is much heavier than dry; or if 
*"« words "by measure" be used, this also fails to define, since 
^Cfnent may be measured in the original package, where it is 
^*oi^ughly compacted, or it may be dumped and measured in 
>toBj condition, in which it occupies some 50 per cent, more 

(g} The engineer should be familiar with tbe ordin.iry 
'***U)0d4 employed by different kinds of mechanics and should 
** design his work as to obtain satisfactory results without 
'*quiriog a much higher grade of work than is customary by 
***« mechanics who will be called upon to execute it. It is 
P'"aeiically impossible with the most thorough supervision a 
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inspeclion to get mechanic; 
materially. The failure to 
engineers to specify method: 
unattainnble, and this leads e 



vary their ordinary practice 
:ognize this fact often leads 

results which are practically 
r to continual violation of the 



specifications and its a 
an abandonment on th 



ccompanying irritations and delays, or to 
: part of the engineer of the strict inter- 
pretntiou of his own specifications. 

(A) In the matter of materials it is customary to specify 
not the very highest and best the market affords, but such a 
grade of material as would be satisfactory in service, and which 
can he supplied by the standard manufacturers of that partic- 
ular product. In this way the engineer gets the benefit of a 
wide competition, and of a correspondingly low price. The 
minimum requirements for materials which serves as a criterion 
of rejection determines very largely the cost of the work. If, 
therefore, the engineer in preparing his design bases his calcu- 
lations upon what might be commonly known as good or first- 
class materials, with a minimum limit fairly below this generally 
recognized first-class grade, he will usually obtain a material 
practically as good as the market affords, without being 
obliged to pay an extravagant price for tt, and without suffer- 
ing from the delays and troubles caused by the rejection of a 
large proportion of the material furnished. To base a contract 
on the very highest tests known of a given material, and to 
require this extraordinary quality for all the material furnished 
is extremely unwise. 

(i) If possible to avoid it, it is best not to specify a par- 
ticular manufactured product or proprietary article by name. 
If this is done at all, more than one such name should be given 
if possible, and others admitted if shown to be as good as these 
to the satisfaction of the engineer. To limit the materials or 
nrticies specified to that of ii single manufacturer subjects the 
engineer to invidious criticism and suspicion, and it is always 
icarance of evil. 
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It is not unconinion lo specify that the materiiiis fur- 
I shall be of well known braiiOs, or the products of 
■ works of established reputation. Sunilarly it is 
sODietimes specified that the contractor himself must show a 
tantilinrity with the work he proposes to perform. Also in the 
twntlcr of stoue, for instance, that it shall be taken from quar- 
ries which have been in long use, the stone from which by 
■i use ia known to have good weathering qualities. 
t) Before writing the specif! cntion, the engineer must 
■ve a clearly defined notion ns to Che amount of respon- 
y which ia to be placed upon ihe contraclor. If the engi- 
MTicr preacribts tlie plan, the materials, and the methods lo be 
CTttployed, he, of course, assumes all responsibility so far as 
theteare concerned, and be can not in jusi ice make the con- 
traclor responsible for his own faults. He should always be 
reaiiy and willing lo take upon himself such responsibilities 
pertuintng to the design as properly belong to the designer. 
For instance, if the contractor is held responsible for the 
Tesiilu, lie must be given a considerable latitude as to methods, 
"id if the engineer prescribes the plan, the materials, and all 
'he metliods to be employed, he can not hold the contractor for 
ihe results, or for the successful operation of the project, beyond 
'^le Mniple faithful perfonnance of the work prescribed. In 
, general the entire responsibility for the successful operation of 
^le work should rest upon the engineer. It is only in case of 
**tra-hazardon8 undertakings, which are largely of the nature 
°l an experiment, in which no well defined plan is outlined, 
"■ittlic contractor is left comparatively free both as to plan 
^'"l execution. It is only in such cases thai Ihe engineer is 
^iTanicd in relieving himself of all responsibility, and placing 
"" Mme wholly upon ihe contractor. There are cases in 
■"nicli conlntctors have, by experience, acquired peculiar 
wiliiy lo perform certain kinds of hazardous work, and who 
H^^^illing to undertake the same under a guarantee of sue- 
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ccssliil execution, under which circumstances, any engineer, , 
even of high repute in his profession, would be warranted ia ' 
letting a contract and putting the entire responsibility upon the 
contr;ictor. 

(/) A strong reason for enforcing specifications literally 
and rigidly, instead of accepting some other material or method 
which possibly may be "just as good" is to be found in the 
relation the engineer and owner hold to other contractors who 
bid upon the work. It is to be presumed that iheee other 
parties have based their estimates on a strict compliance with 
the specifications, and it is possible that the lowest bidder has 



' presumed on his being able to substitute cheaper materials or 

methods for those specified. If he is allowed to do this after 

I the contract is let, it is evident that the other bidders have been 

discriminated against to their disadvantage and under a species 

I of fraud, which should not receive the encouragement of either 

the engineer or of the owner. It is difficult, therefore, to see 
how a cheaper grade of work can properly be accepted in lien 
of that specified, even though it be "just as good," witlioul 
encouraging this practice of presuming upon a cheaper fulfill 
ment, and also without treating the other bidders unfairly 
Other things being equal, therefore, it is best to rigidly enforctt 
a contract, even though a cheaper material or method might, 
10 the opinion of the engineer, be employed with equally good 
results. Or, if a cheaper compliance is allowed, a correspond- 
ing reduction in price should be insisted upon," 

The above are some of the numerous conirolling idem 
which the engineer should have clearly in mind in the writing 
of a set of engineering specifications. He must know in th« 
first place exactly what he wants, and then try to so describe )i 
that others can not mistake his meaning. The general and 
detail plans are usually made before the specifications an 
written, and the engineer has these before him in writing the 
specifications, and makes liberal reference to them. Since 
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nre also a pa.rt of the specifications, he has the ndvantage 
of a double language in which to present his ideae, and, if he 
elites not succeed in making clear to the proposed contractors 
cseactly what is to be done, he should feel that he alone is lo 
Mame for any mtsunilerstanding. 

116. Speciflcatione Accompanying Oomplete 

Detail Plans. As described in article 1 7, we have in general 
three classes o£ engineering specifications, describing the work 
ilseif, namely: 

Specifications accompanying complete detail plans. 
Specifications accompanying a general plan only. 
Specifications unaccompanied by any plan, and commonly 
known as General Specifications. » 

When the specifications are accompanied by complete 
detail pl^ns, these plans are prepared before the specifications 
"fe drawn, and in this case the specific descriptive specifica- 
IJons arc largely composed of descriptions of the materials to 
^^ used, the methods of manufacture and erection, and of the 
resulu to be accomplished, or of the tests to which the finished 
product is lo be subjected. Such complete detail plans are 
■Iways necessary when a particular and definite plan is to be 
carried out. When the worlt is to be let in open competition, 
»od to Ihe lowest bidder it is also usually best to prepare com- 
plete detail plans in order to insure that the bidders will all 
tttimjiie on exnctly the same thing, and furtlier, to insure that 
'he final product will be sHtisfactory. In this case the detail 
plans must be duplicated by some of the various methods of 
Copying drawings, and in very large and important work 
''tqucnlly by photo-lithographing, and these copies of the 
plnns submitted along with the specifications to the various 
Parties wishing to bid upon the work. If the bidders are 
"ptcted to be those residing in the immediate vicinity, it is 
DM to necessitry to duplicate these drawings, all tiie bidders 
naked lo examine the drawings in the office of the 
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engineer. In this case the drnwings usually nre self-explana- 
tory even to the extent of indicating the materials to be used, 
BO that the written specifications need not describe the work as 
to its form and dimensions, but are only descriptive of the 
work in a general way. 

117. Specifications Accompanying a (General 
Plan Only. In this case the bidder is asked to submit detail 
plans for the work in submitting his hid, the specifications 
being so framed, however, as to reduce all designs which fully 
comply with these requirements to a common standard of 
value. To accomplish this purpose the engineer must be able 
to foresee practically all the various designs which may he 
submitted, and to anticipate all the advantages in economy 
which are likely to control the preparation of these designs, 
and to make such requirements in the specifications as, when 
complied with, will in his opinion give products of equal effi- 
.ciency, capacity, and permanency. In this way the engineer 
gets the advantage of the experience and of the inventive genius 
of all the persons bidding upon the work, with the chance 
that he may secure a better design than he himself would 
have been able to prepare, and also one which may cost mate- 
rially less than his own design, • As an illustration of this 
kind of specification, we may have a bridge or roof truss of a 
particular general design, the outline drawing showing simply 
the general dimensions, and the location of the members, this 
fixing the general style of truss, which for some particular 
reason the engineer wishes complied with. The contractor is 
then asked to build a truss on these general lines in compli- 
ance with the accompanying written specifications. 

118. Speciflcations Unaccompanied by Plans, 
Known Commonly as Q-eneral Specifications. In 

this case no plans whatever are prepared, hut only the most 
general requirements to be satisfied. As, for instance, in the 
case of a bridge, the total span, the loads to be curried, the 
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clluacLDr of the stream to be bridged (this determiriing 
tile character of fnlse works rcquJrcil, and oflen determining 
the character of the superstructure itself), the kinds of 
materials to bo used in its construction, the maximum unit 
stress allowed in the vurlous parts, etc. Or if the contract is 
for machinery, the specifications may define the amount and 
kind of work to be done, which fixes the capacity of the 
apparatus. They would also define the efficiency or economy 
of Operation of the plant, aod make various requirements in 
•*gntd to the material used, and methods of construction which 
Would be supposed to govern its permnnency. In this case, as 
W the one preceding, the engineer must have constantly in 
niiod in writing the specifications the possibility of complying 
^ith them with some kind of cheap product which, while 
fulfilling the letter of the requirements of the specifications, 
'*'OuId not be at all what he hopes to obtiiin, or what would be 
Consistent with the more staud^trd forms o£ construction. 



I^USTRATIVE SPECIPIOATIONS OP VARIOUS 
ELEMENTARY PORTIONS OF ENGI- 
NEERING WORK. 

119. Scope and PurpOBe. It is proposed in the fol- 

^'^'ing articles to give illustrative examples of what is consid- 

****! good practice in describing many of the more common 

^'omenta of engineering construction. The practice pursued 

"* discussing the general clauses in engineering specifications, 

^ &nt considering the purpose of the cliuise, and then giving 

'* illustrative example, will be followed here. Frequently, 

"*Wrever, more than one illustration will be given, and the 

*OUras from which ihey are obtained will also be indicated. 

H U tboogbt this arrangement will serve a better purpose than 
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to give a series of complete specifications of various kinds of 
engineering work, without a detailed discussion of the several 
clauses. By tlio arrangement here used duplication of parts is 
avoided, and the reasons for the particular descriptions can be 
given in their proper connection. These reasons will perhaps 
be more useful to the young practitioner than the pailicular 
specifications themselves. 



SPEOIFIOATIONS ON EXCAVATIONS AND 
EMBANKMENTS. 



Earth Work, Excavation, and Grading. A 

' grading, should satisfactorily 



al description of the work. 

1 of the character of the materials 

be 



120. 

cover the following ground: 

(a) Location and genet 

(5) As full a descriptio 
to be excavated a 

(f) A classification of the materials which 
employed, and the methods of measurement. 

(c^) A description of the lines of limits of excavation and 
611, including borrow pits, and waste banks. 

(e) The disposition to be made of the excavated materials. 

(_/") The distance to which the material is to be trans- 
ported, commonly included under the general head of "'Haul," 

It is always wise for the engineer to determine in advance 
approximately the character of the material to be encountered 
and to give to the conlractor the benefit of such information. 
It is not wise, however, for him to guarantee the quality of the , 
material to be as indicated, since this furnishes to the contractor 
grounds for claims which the engineer will find it difficult to I 
adjust. The character of the material is usually learned | 
approximately by borings along the line of the work. In the | 
case of railroad work it is not customary to do this, but from 
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general knowledge of the geologic formations, the various 
kinds of materials can be fairly aolicipated. 

The specifications should be very explicit and clear beyond 
all possibility of doubt in the matter of grades or classification 
of materials to be encountered, and the methods which will be 
used in measuring the quantities. Innumerable difficulties are 
comtitntly arisingin thecarryingout of engineering specifications 
from misundersinndingson these points. Materials encountered 
in e.uavalion are not only various as to quality, but all grada- 
tions are found, so that it is practically impossible to determine 
»'hcre one classification or kind of material ends and another 
begins. In fact two engineers will often classify the same 
'n;ilerials differently under the same specifications, and there la 
10 possibility of detenniuing such questions, except by agreeing 
to abide by the decision of the engineer. It is best not to have 
too many classes of materials, and all kinds of materials are 
usiitlly grouped under three general heads, namely: EarlJi, 
tooie root, and sciHd rod.' 

121. Grading. The followingspecifications for railroad 
E^'ading are used by the Pennsylvania Railroad: 

Under this head will be included all excavations and 
crtibjokmeols required for the formation of the roadbed; cut- 
"ig all ditches or drains about or contiguous tolheroad; the 
'oundaiions of culverts and bridges, or walls; the excavations 
**id embankments necessary for reconstructing turnpike or 
"^winon roads, m cases where they are destroyed or interfered 
^'■th in the formation of the railroad ; and all other excavations 
^i" Crnbankments connected with or incident to the construction 
•*' said railroad. 

All cuttings shall be measured in the excavations, andesti- 
Waitd by the cubic yard, under the follow heads, viz: £arth, 
^"ost Rock, Solid Jiock. 

Earth — will include clay, sand, loam, gravel and all other 
Mrihy matter, or earth containing loose stone or boulders inter- 
'nuced, which do not exceed in size three cubic feet. 

■In ih( eiieclficiiiluni lued en Ibc Chicago Dtiinigc Cinil but Iwo cluies of 
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Loose Roch 
in separiile and contiguous 
cubic yards; also, all slate c 
whhout blasting, although 
resorted to. 

Solid ^ocA— Includes al 
ing three cubic yards, which c 

The roadbed will be graded 
tings and fifteen feet infilliuj 
bv the 



include all stone and detached rock lying 
lasses containing not over three 
other rock that can be quarried 
blasting may be occasionally 



in masses exceed- 
not be removed without blasting. 
;nty feet wide in earth cul- 
pt where otherwise directed 
engineer, with side slopes of such inclination as the 
engineer shall in each case designate, and in conformity to such 
depth of cuttings and fillings as may have been or may hereaf- 
ter be determined upon by said engineer. 

Earth, gravel and other materials taken from excavations 
(except when otherwise directed by the engineer), shall be 
deposited in embankments, the cost of removing which will be 
included in the price paid for excavation. Al! material neces- 
sarily procured from without the road and deposited in the 
embankments will be paid for as excavation only. In procuring 
materials for embankmeut from without the line of tbe road, the 
place will be designated by the engineer in charge of the work ; 
and in excavating and removing it, care must W taken to injure 
or disfigure the land as liltle as possible. Tbe embankments 
will be formed in layers of such depth (generally one fool), 
and the materials disposed and distributed in such manner as 
the engineer may direct, the required allowance for settling 
being added. 

No borrow pits will be opened nearer than four feet from 
base of embankment slope, and will receive same slope as cor- 
responding embankment. All borrow pits will be excavated in 
a regular manner and so as to leave no holes for standing water, 
generally with a descent at bottom to allow free passage of 
water. 

Wherever the excavations furnish more material than is 
required for embankments, the surphis will be used to increase 
width of embankment, or deposited in spoil banks or waste 
piles, as and where tbe chief engineer may direct. 

The roadbed, in cuts and on hanks, to be made in a work- 
manlike manner; to be perfectly even aud regular according to 
grade stakes as set from time to time by the engineer in charge, 
and to be exactly of the width directed. 

All slopes to be formed even and straight, according to 
slope stakes, and to such incline as directed in each case. 

All ditches in cuts or along banks to be made of such width 
and grade as the engineer in charge may direct, 

If the contractor shall make excavations or embankments 
in excess of the directed width, then such excess shall not be 
paid for. 
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Over culverts and behind bridge abutments the embank- 
mcDts shall be formed carefully, so as to avoid damage to, or 
bulging of, the masoury. Only the best materials will be used 
for this purpose, the same to be deposited in layers of not over 
ten inches thick. The contractor to be responsible for any 
dimage to the masonry. 

Contractors, when directed by the engineer in charge o£ 
the work, will deposit on the side of the road, or at such con- 
renient point as may be designated, any stone or rock that they 
my excavate ; and if, in ^o doing, they should deposit material 
retjnired for bank, the additional cost, it any, of procuring other 
miteriaU from without the road will be allowed. All stone or 
rock excavated and deposited as above will be considered the 
property of the railroad company, and the contractors upon the 
m^cttve sections will be responsible for its safe keeping until 
teinoved by said company, or until (he work is finished. 

The line of road, or the gradients, may be changed if the 
engineer shall consider such -change necessary or expedient; 
ud (or any considerable alterations, the injury or advantage to 
the contractor will be estimated, and such allowance or deduc- 
tion mode In the prices as the engineer m.iy deem just and 
equitable; but no claim for an increase in prices of excavation 
or embankment on the part of the contractor will be allowed or 
CODfidcred. unless made in writing before the work In that part 
o( the section where the alterntion has been made shall have 
been commenced. The engineer may also, on the conditions 
l)Bt recited, increase or diminish the length of any section for 
the purpose of equalizing or balancing the excavations and 
eisbgnkments. 

Whenever the route of the railroad Is traversed by public 
Ot private roads, commodious passing places must be kept open 
»*! in fcafe condition for use ; and in passing through farms the 
contractor must also keep up such temporary fences as will be 
necessary for the preservation of the crops. 

The above specification makes no provision for what is 
conwionly called "haul." By "haul" is meant an additional 
emnpeosation for carrying the excavated malerial beyond a 
ctrtain limiting distance. Such a provision usually accom- 
pmiea a specification for excavation, and may be given in the 
following language : 

The price paid for "excavation" in all the several classes 
ttmeof will be understood to cover and p.iy for the entire 
ntpente of its removal by any method whatever, including 
laMing, unloading, transportation and deposit in (he manner 
prescribed in these specifications, in the places designated by 



M 



I 



ENGINEEBINQ SPECIFICATIOSa, 




the engineer, provided tlie haul of the material so transportefl'^ 

does not exceed ( ) (eet, and beyond that difr 

tance per cubic yard per one hundred (loo) feet will 

be allowed and paid, for such extra haiil, in addition to ths | 

price paid for excavation- 



122. Excavations Under Water. Excavaii 

under water are usually for the purpose of secuiing a channel 
for the passage of boats. In many cases the character of die 
material is quite various, and largely unknown. It is proper 
for the engineer to make such investigations as are practicable 
to discover what these materials nre, and to about what deplb 
the cutting will have to be made, and to give the contractor the 
benefit of such information. It would not be well for him, 
however, to make positive statements as to the character of the 
material, and he should relieve himself in the specificatioos of 
all responsibility for the information given. The contractor on 
the other hand should inform himself of the nature of the work 
so far as possible, both by personal examination, and by avaiU 
ing himself of the investigations of the engineering department. 
The following paiagiaphs concerning excavations under water 
are taken from the standard speciticationa used by Col. O. M* 
Foe, of the corps of engineers, U. S. army. 

Ail available information in ihe possession of the United 
States will be given upon application. The United States wjtl 
not guarantee the correctness of its information and will not be 
responsible for the safety of the employees, plant or materials 
used by the contractor, nor for any damage done by or to them 
from any source or any cause. Bidders are expected to satisfy 
themselves as to the nature of tlie work to be done, and it will 
be assumed that proposals are based upon a thorough under- 
standing of its character. Intending bidders are urged to vi&il 
the localities of the work, and, by personal inspection and 
inquiry, fully inform themselves as to the present and probable 
future conditions. Navigation shall not be obstructed, and no 
allowance or concession will be made for any lack of informa- 
tion on the part of the contractor regarding the work. The 
price bid shall be full compensation forfurni^ing all neceMary 
labor, materials, and appliances of every description, 
doing all work herein specified to Ihe salisfacti< 
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•■•-1 DfEcer in charge, and shall include all risks and delays of 
wHaiever nature attending tiie execution of the work. 

The work comprises the improvement of two shoals in 
St. Mary's River, Michigan, above the canal. The upper 
shoa] lies northwesterly, and the lower shoal northeasterly from 
old Itound IsJand Light House. 

The work to be done consists in excuvating a channel 
within the side and end lines prescribed by the U. S, Agent in 
charge, said channel to have a bottom width of 300 feet, and a 
total length of about 3,000 feet, the estimated excavation being 
90,000 cubic yards, bank measure, more or less. The greatest 
distance to the dumping ground will not exceed two miles, and 
Lhe average distance will not exceed one mile. 

The material lo be removed consists oi boulders, clay, 
Banil. gravel, and possibly hard pan, all in unknown propor- 

Tbe bottom of the completed cut sh.i 
feet below the upper surface of the copin_ 
in St. Mary's Falls Canal, the face of excavation probably 
varying from scraping to 5 feet. 

No payment will be made for excavation below 22 feet 
depth of waier. All excavations within the specilied side slopes 
«ntl between 3 c and 33 feet depth of water will be paid for at 
haJf rates in the final estimates. 

Proposals will be received for bank measure only. For 
'he monthly estimates 30 per cent, will be deducted from scow 
mesBurements, but the total of the estimates made for the upper 
shoal will never exceed the total of the estimates made for tlie 
lovrcr sho.il, until all the required excavation hns'been finished 
at One of the shoals, and an equal amount of excavation has been 
done It Ihe other.f O. M. P. 

•Id iRtInK Ihli work all maleriali were CDlcied In one cLlu, «v«n ihaugh it >viie 
•"lid ntk. tp <bl> pitticaUi Inilancs no solid lock wu inlklpaled. and hence li - 
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123. Specifications for Measuring Quantdttes 
Excavated Under Water by Weight and Displace- 
ment. The following specification is taken from the U. S. 
Engineer Corps specifications for excavation in the James 
River, and they illustrate another method of determining 
amount of material excavated. In this case the soundings in 
the river are only used for determining when the excavation 
has been completed to the proper depth, and to prevent excava- 
tion beyond a limit of over-depth. 

Classification. — Mud. sand, clay, and gravel, under the 
class '^earlh excavation,'" will include those materials, however 
hard or compact they may be, the gravel to include pebbles up 
to three inches in diameter. ''Co66/e" will include stones up 
to three cubic feet. "Seifi Rock" will include any rock iu 
place which can be removed by dredges without blasting, 
although, for economy in removal, blasting is resorted to, and 
will include the disintegrated rock found for two or three miles 
below Richmond. "J"o/irf Rock" will include rock which 
rinua under the hammer, boulders measuring over three cubic 
feet, and other rock which, in the opinion of the Engineer 
officer in charge, can not be removed without blasting. When 
soft and solid rock occur together, in strata or otherwise, the 
amount of each will be ascertained by the inspector after the 
material is placed on lighters. Mixed classes of material must 
be separated by the contractor, at his expense, for measure- 
ment by displacement as the lighters are unloaded at the place 
of deposit. 

Unclassified Rock. — In place of bidding on solt and 
solid rock separately, an alternate bid may be submitted for 
unclassified rock, which will include all material described in 
these specifications as rock, whether soft or solid. The bid 
will be for the ton of 2,000 pounds, and the weight will be 
ascertained by displacement, as hereinafter described. The 
bidder on this class will specify a price for extra haul fer ton 
of 2,000 founds. 

Should the bid for unclassified rock be accepted on any 
section, the price per ton will be stated in the contract in lieu 
of those for soft and solid rock. On such section the con- 
tractor must begin the excavation of areas known to be of solid 
rock in part, with other areas, as directed by the Engineer, 
and continue their excavation, or accept an equivali 
tion in tons, according to ihc relative cost of excavating 
and solid rock, to be determined by the Engineer, 
solid rock excavation is made. 
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Measurement of Excavation. — All materials excavated 
in the iwo and a half miles below Richmond and at Drewiy 
Blufi wilJ be measured on deck lighters by displacement of 
water taken at 62 pounds per cubic foot. The basis of meas- 
urement for "solid rock" will be 155 pounds and of soft rock 
■ 3o pounds, and of other classes izo pounds per cubic foot, 
until otherwise ascertained at tbe instance of either the Engineer 
or the contractor. These "other classes" will thea be loaded 
on deck lighters (with gauges attached) whose cubic feet of 
submergence has been ascertained for each tenth of a foot. 
The load will be put on in shape suitable for accurate measure- 
ment by cross sections, at the expense of tbe contractor, and in 
such manner that the plane of submergence will be parallel to 
tbe deck of the lighter, as ne;ir as may be. The difference in 
cubic feet of submerged section, light and londed, at 6; pounds 
to the cubic foot, will be considered the weight of the measured 
load. Tbe lighters must be kept bailed out, and will be con- 
sidered loaded with the same weight when afterward sunk to 
the same gnuge readings. The proportion of a partial to a full 
load nill be determined by tbe ratio of the displaced volumes 
of water. 

The Engineer may measure the displacement of empty 
lighters at his discretion, and the contractor must free them 
from water at his own expense whenever requested by the 
■nepector for the purpose of determining their loads. 

DUMPJNO LiDHTEHs Will not be allowed in transporting 

fttatertals excavated at Drewry Bluff or above, but can be used 

Eormalerial excavated at Harrison's Bar and Goose Hill Flats. 

Where dumping lighters are used measurements will be 

'nade by the capacity of the pockets. 

Decision as to Quantities. — The duty of determining 
the (joanttty of" material carried in or on lighters will be per- 
formed by inspectors appointed by the Engineer in charge, and 
Uie decision of such inspectors, acting under the orders of the 
l^ngiueer, as to the amount of material excavated and removed, 
•s well US to its place and manner of deposit, shall be iin:il and 
without appeal on the part of the contractor. 

Over-Dkpth. — No allowance will be made for dredging 
"lori than twelve Inches below the required depth or outside 
the iLmits of the channel as marked by stakes or ranges, unless 
»qdi additional depth is necessary to break up strata of rock or 
^ementcd earth. Increased depth will be allowed in such cases 
't autborizcd by the inspector, acting under tlie direction of the 
Mgineer. If a deficiency in depth is found the contractor 
Te-excavatc the bottom until the required depth is 
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Dumping. — Excavated material wil! be the property of the 
United States and be disposed of strictly in accordance with 
instructions from the inspector. W. P. C. 

124. SpeclBcations for an Earthen Dam. The 

following specification for an earthen dam across a stream for a 
storage reservoir for in-igation purposes is a fair illustration of a 
method of writing the specifications for such a purpose. It is 
sufficiently elastic to allow the engineer grejt discretion in tlie 
matter of adapting the methods to the particular material 
encountered, while at the same time it gives to the contractor a 
fair idea as to the amount of work which will be required of 
him, and therefore as to its approximate cost. This is really 
all he cares to know at the time he makes bis bid. 

The object in the mind of the engineer in writing this 
specification was to make as impervious a dam as possible with 
the materials which were known to exist in the immediate 
vicinity, without making the cost extravagant. Tlie earthwork 
was well insured against overflow by having ,a very long spilU 
way across the dividing ridge between this and an adjacent 
drainage basin some distance above the dam. 

Specikication FOR AN Eabthen Dam; — After the work 
has been staked out, the top soil and all vegetable matter shall 
be wholly removed from the area of the work. This area shall 
be cleared to the satisfaction of the engineer, and no allowance 
will be made therefor. The material removed, which is suffi- 
ciently free from vegetable matter, may afterwards be used ior 
building the outer toe of the dam. 

The sides of the valley shall be terraced or stepped with 
risers one foot high, over the whole area of contact with the 
dam. These terraces shall also have offsets horizontally as 
shown in the sketch. They shall be cut to the depth indicated 
by the engineer, and the material excavated wilt be paid for as 
eKcavation. 

A trench shall be opened from the surface to and into the 
gravel stratum, of the dimensions as shown on the drawings, 
being about i6 feet wide at the surface, and about 6 feet wide 
at the bottom. This trench extends the entire leugih of the 
dam and up to the side slopes; it extends to the rock after the 
gravel stratum is passed. This work will be paid for aa e 
vation. 
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P -. A pudillc coru wall extends the whole length of ihc iliiin, 
being 6 feet wide at the bottom of the trench, which averages 
about 2o feet below the surface of the ground, averages about 
'6 iett wide at ihe surface of llic grounil, and is 6 feet wide at 
» point 4 feet below the top of the dam. 

This puddle core is to be a mixture of clay and the grav- 
elly sand such as found in the gravel stratum (all of the gravel 
to he such as will pass through n 3 inch ring), in about equal 
prcponions. These two kinds of materials will be spread in 
alternate courses about 3 inches thick. The clay courses will 
be harrowed sufficiently to pulverize the hard clods, using a 
diachanow, or such other machine as may be satisfactory to the 
en^neer.. A gravel course will then be laid and this harroMed 
Uniil it is thoroughly incorporated and mixed with the clay. It 
shall then be wet down and allowed to stand until it is in a 
proper condition for compacting, when it shall be rolled thor- 
oughly, to the satislaction of the engineer, with a grooved roller 
^vcighing not less than 150 pounds to the lineal inch along the 
axis of the roller. 

On this shall then be laid anoiher 3 inch layer of clay, 
whidi shall be pulverized by harrowing, to be followed by a 3 
incii layer of Kravfl, harrowed, wet down and rolled, as before 
clesctiljed, and so on. If, in the opinion ol the engineer, it is 
s puddle shall be 



way. the amount of 
1 the puddle core of 
;ubject to any 
' 1 the inter- 



deemed advisable, or desirable, the clay lot 
paUefiied dry before it is spread on the da 
The above describes, in a general v 
Work which will be required to be dot 
the dam, but the particular operations are m 
changes which the engineer may choose to i 
*sto[ a more effectual mixing or compacting of the materials. 
I'he general drawings show the probable depth to which the 
Puildle wall will be carried, but the depth shown is not to be 
Considered as exact nor final, as it may be varied according 10 
"ic character of the ground developed by the excavation. 

Ail that part of the dam on the up-stream side of the core 
^^ all shall be made of such clay material as the engineer may 
**lecl from that overlying the gravel stratum in the immediate 
'•*>«iiity below the dam. It is thought that at least half of this 
'•Verlying clsy is suitable for this purpose. It shall be tbor- 
*^«ghlv incorporated with the upper clay underlying the dam by 
*'l'n plowing up Ihe surface, after the lop soil has been removed, 
■nd rolling down again as described below. This plowed 
**rper surface, and also the clay fill, shall be pulverized in 
^oune* not over 6 inches thick, by harrowing orrotliug, or both, 
oefote wetting ilovvn. It shall then be wet down thoroughly 
*^d allowed to stand until it is in a proper condition for most 
ipacting. It shall tlicn be rolled lo the satisfaction 
itnginecr, and in accordance with his directions, with a 
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grooved roller weighing not less than 150 pounds per lineal 
inch oi roller, measured along its axis. 

All that part of the dam below the puddle core wall shall 
be filled with the surface clay in the immediate locality below 
the dam. It shall be laid in courses not over 6 inches in 
thickness, harrowed and rolled dry to the satisfaction o£ the 
engineer. It is the intention to make as compact a mass 01 this 
portion as possible without wetting down. 

J- &F. 

125. Specifications for Coffer-Dams. The follow- 
ing specification for the construction of coffer-dams, and for 
ihe methods of paying for the same is taken from a* recent U. 
S. Engineer Corps specification for the building of a navigation 
lock and dam on the Great Kanawha river, West Virginia. It 
illustrates how such specifications may be drawn and the work 
paid for in an equitable manner, and how bids may be made 
up upon such work without assuming eMraordinarv risk, and 
without knowing much of the nature of the material to be 
excavated or of the depths to vfbich the conilruction will 
extend. 

Hou) Built. — The coffer-dams will be built as shown gen- 
erally by the drawings exhibited and as directed by the engi- 
neer. They will be formed of cribs sunk to hard pan, sheathed 
with plank and tilled with heavy-dredged river-bed material 
not liable to wash. They will be thoroughly banked on the 
outside with clay puddling, or like material, of quality and 
quantity to make them sufficiently water-tight to be pumped 
out. The crib-filling and the banking outside will be pro- 
tected to such an extent, as directed, by a top layer of {oosc 

As the work within the different sections of the coEEer- 
dams for the dam is finished, the ends of the next section of 
coffer will, when required, be made of square sawed timber, 
rods, upright plank and puddle, built across and near the end 
of the finished part. Simil.ar limber and plank bulkheads will, 
also, if ordered, be built by the contractor between the coffer- 
dam for Ihe lock and the lock wall, to form part of the first 
section of coffer-dam for the navigation pass and elsewhere in 
making coffer connections as the engineer may require. 

Hoto Paid For. — The United States will p.iy the con- 
tractor for the dredging aid excavation for the site of the coffer- 
dams his contract price for "Excavation." For logs and 
slieathing used, he will be paid his contract prices for "Crib 
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L-ogiln Coffer-dam" and "Sbenthing." For niaterinl used to 
I'lll ilic cotfer-tlam cribs, lie will be paid his contract price for 
"Coffer-djm Filling." The plank and sawed timber iiStd in 
the coffer-ends or bulkheads will be paid for as "Shcuthing." 
nndlbe puddle in same as "CoEfer-diim Filling." It is uuder- 
>tood tli.iC all Ubor, all bniikin", puddling and stone used on 
the outside of the cribs, the spikes and bolls and all material 
not mentioned, required in the construction of the coffer-dams. 
shall be furuisbed by ibe contractor without cost to the United 
States. The coffer-dams must be promptly banked to full 
facight. No payment will be made for logs or filling above 
the level of tlie top of the lowest part of unfinished banking. 
No payment will be made for ajiy coffcr-dom materials carried 
oS by the river or lost in any manner during cofistruction. All 
rcpiiirs to the coffer-dams or their adjuncts must be borne by 
the contractor. 

Removal. — The contractor will be required to rem ive the 
t^ficr-dams and their belongings at his own cost. The time 
and manner of the removal of the coffer-dams, or any parts of 
them, and the place to deposit the materials, to be prescribed 
^j" the engineer. 

Oicncnhip. — It ia understood and agreed that the pay- 
•nenl* for excavation, logs, sheathing and filling, as provided 
'or above, shall cover the entire cost of the coffer-dums to the 
Suited States, and by virtue thereof they shall become the 
property of the United States, in case of the failure or annnt- 
•oeat of this contract. 

Gredgts and Pumps. — In building the coffer-dams the 
J^ootractor will be required to employ, at the same time, not 
*^&sth»n two suitable steam dredges at excavating and filling; 
^nd for pumping the coffer-dams he must keep at least three 
SOoil su^cient pumping outfits, with pumps, engines and boats 
^•^DiplotCi in, or always ready for, operation. The dredges 
***usi be equipped to do effective work to a depth of 2S feet, 

W. P. C. 
126. Specifications for Protective Work. It is 
customary for engineers to require the contractor to protect his 
^ork from all causes, such as landslides, rainfall, fioods, 
ETound water, quicksand, etc., without any special compensa- 
tion therefur. In all such cases the contractor, of course, w ill 
bis temporary protective works as cheaply as possible, 
1 will not provide that degree of protection which the 
may think is necessary and wise. A fair division of 
iiisibility and cost of such protective works between the 
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conliactor and owner is tlierefore desirable, and the following 
specifications taken from those used on the ncwCrolon Dam of 
New York City, in 1892, are offered as a very excellent solu- 
tion of this problem. 

It will be noted that the cost of such protective works as 
the engineer might consider necessary is to be paid for by the 
citv at the standard prices per unit of measure named in the 
bid, and the engineer is given control of the design and general 
character of such works. The responsibility for the efficient 
execution of such works, however, is made to rest upon the con- 
tractor by holding him responsible for all damages caused by 
their inefficiency, except in one instance of an unprecedented 
flood in the Croton river. In which paiticular case the damages 
are to be duly appraised and paid for by the city. 

It will also be noted that the taking care of the ground 
water by pumping rests wholly upon the contractor without 
spcci:il compensation. 

Tlie contractor shall do all other work needed to protect 
his work from water; he shall fireet all temporary dams, coffer- 
dams, sheet piling and other devices, take care of the river, and 
shall be responsible for all dam:ige that may be caused by the 
action of water, whether from negligence or any other cause. 
Such damage is to be repaired, and the work must be restored 
and maintained at his co!tt. 

Ail earth and rock excavation, masonry, limber and other 
work, temporary or permanent, (or the purpose of protecting 
the work from the river, provided that ihey are ordered or 
approved by the engineer, arc to be paid for at the prices stip- 
ulated in this contract. All work of this character is to be 
removed by the contractor at his own expense, if so ordered by 
the engineer. 

The responsibility of the contractor as to damage caused 
by the inefficiency of the protective work shall cease, however, 
if such damage is caused by the river at a time when the flow 
of the river attains such volume as will cause it to rise to a 
height of more than eighty-one inches above the stone crest of 
the present Croton dam, such height being the greatest recorded 
by the city authorities. 

Such damage as may be caused under the circumstance! 
just staled shall be repaired by the contractor as soon as practi- 
cable, under the direction of the engineer, who shall appraise 
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l^e cost of sucli work of repairs, and the amount of the same 
shnll be paid to the contractor on the certiiiciitc of the engineer 
tbftt the work has been completed to his satisfaction ; and, after 
such certilicate shall have been issued, the contractor shnll again 
become responsible for all damage that may be caused by the 
action of the water, in the same manner as is specified above. 

If such appraisal of the engineer is not satisfactory to the 
contrnctor, the said contractor shall so state in writing to the 
aqueduct commissioners, and, thereupon, a board of arbitra- 
tion, composed, first, of the chief engineer, or of such other 
person that the aqueduct commissioners may designate; second, 
of a person selected by the contractor ; third, of another person 
Igbe designated by the other two, shall proceed to appraise the 
cust of such damage, and their decision shall be linal and bind- 
ing on both parties, provided it is the unanimous decision of the 
three members of the said board ; but if the said decision is not 
HnsnimouE, the appraisal of the chief engineer shall stand and 
become final and binding to both patties." And, on the cir- 
lificate of the aijueduct commissioners that the said appraisal 
ii»s been made in accordance with the stipulations of this 
'greement. the amount of snid appraisal shall be paid to the 
Wntraclor. And the said appraisal, whether made by the chief 
^ginecr or by the said board of arbitration, shall include only 
'he cost of the actual work done to repair the damage, and shall 
"01 include any alleged loss of profit or other loss due to the 
uelav caused by such repairs, but an extension of time shall be 
Slanted to the contractor for the performance of his contract, 
**iuivalent, in the opinion of the engineer, to the loss of time 
<iue to the interruption of the operations of construction on 
*ccoiint of the said work of repairs. 

The contractor is to do all the draining and pumping which 
*n,ill be necessary for keeping the work free from water, and if 
*t any lime the engineer is of the opinion that, in order to 
''^aiiilain the slopes and sides of the excavations in proper 
'^fHjcr, it is necessary to remove the water from the ground out- 
*idc o[ the limits of the excavations, the contractor shall, at his 
*"Cqnest, sink the necessary pipes or wells to intercept the water, 
?ld place, maintain und work such pumping or other exhaust- 
"*g apparatus as shall be sufficient to properly maintain the 
*^id dopes and sides. 

The cost of furnishing the necess.iry appliances and 
_ Wtactiinery, of working them, and of doing all the work con- 
wilii draining and pumping operations, is to be included 
prices bid for (he various kinds of work which the drain- 
id pumping operations are intended to protect. 

A. F. 
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SPECIFICATIONS FOR CEMENT MORTAR, OON- 
ORETE. AND MASONRY. 

127. Cement Mortar.' There are in general two 
kinds of cement in common use in America, niimly, Portland 
or artificial cement, and Natural cement. Portland cement is 
an artlRcinl mixture of lime nnd clay properly burned and 
ground. Natural cement is made by burning the natural rock 
which contains approximately the proper ingredients, and 
giinding the calcined product, Porlland cements are known 
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nee, and England. 

! been established in America. 

>\vn under a geographical name, 
Lufacture, as Rosendale cement, 
; Louisville cement, made on the Ohio 
river in the vicinity of Louisville; Utica cement, made at Utic.t 
in the northern part of the state of Illinois; Milwaukee cement, 
etc. In general the Portland cement costs about three times as 
much as the natural cements and it has three or four times the 
strength of these. It is common to require a tensile strength 
of from 300 to 400 pounds per square inch for Portland 
cements, which have hardened one day in the air and sIk days 
in water, and about 100 pounds per square inch tensile strength 
for natural cements, similarly treated. The Louisville cement 
is quick setting, and a very fair test may be obtained oi its 
strength in twenty-four hours, in which case a tensile strength 
of from 60 to So pounds per square inch may be specified, the 
briquettes being allowed to remain one hour in the air, and 
twenty-three hours in water. 

• The 
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The strength of cement and cement mortar depends 
gf eat!y on the fineness of the cement. This is usually tested 
t»y pawing it through a sieve of from 50 to 100 meshes per 
lineal inch, having from 2,500 to to, 000 meshes per squnre 1 
>i>«rli. The 100 mesh sieve is much to be preferred, and is 
usually specified in the case of Portland cement, since proba- 
bly only the particles which would pass through such a sieve 
■re realty efficient or active in the piocess of hardening, the 
■Marser parts being inert, or as so much sund." 
^^B A cement mortar is a thorough mixture of sand with 
^WVncnt, first in a dry state, usually in the proportion of one of 
cement to two of sand by measure, with natural cements, and 
O'le of cement to three or four of sand when Portland cement 
•s ased. Aflt-r these ingredients have been effectually mixed, 
Sufficient water is added to reduce the composition to the desired 
consistency. It is important that the sand should be clean, or 
'•"«^« from oil earthy ingredients. It is common also to specify 
that it shall be sharp; that is to say, the grains should not be too 
"'Uch rounded. Ocean beach sand is apt to be very much 
^"orn, and not sharp in this sense. River or bank sand is 
**s'ualJy preferred on this account. 

In specifying the proportions of sand and cement to be 

***cd in making up a cement mortar, it is customary simply to 

**ame so many parta of sand to one part of cement, by meaS' 

*""e. It would, as a rule, be inconvenient to determine this 

*"atio by weight, but a determination by measure is subject to 

^''lious objeclions. For instance, a barrel or original package 

ot cement, when dumped or turned out upon a mining platform 

'" a loose and fluffy condition will have nearly 50 per cent, more 

Volume than it had in the original package. It is necessary, 

therefore, in order that the meaning of the specifications shall 

^e clear, to indicate whether the proportions by volume shall 

uG taken with the cement in the original package, or in a loose 

after having been emptied from such package. It is per- 

■ I" Imptlpablt 
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haps more convenient to measure the cement after it hns b 
emptieJ from tlie original p.icltage. In any case the engineer 
should decide which method he proposes to adopt, and reveal 
this decision in the specifications themselves. The following 
specification for the making of cement mortar is satisfactory in 
every respect, except that it does not indicate whether the cement 
is to be measured in the original package, or in a loose condi- 
tion. Since all kinds of cement set or harden by a kind of 
crystallising process, and in some cases this action begins almo&t 
immediately after the cement has been wet down, it is necessary 
to use the mortar as quickly as possible after it has been mixed. 
In the case of Portland cement, and some of the slow setting 
natural cements, an hour or two may be allowed to elapse 
between the welting of the mortar and its final use upon the 
work, but, in the case of such quick setting cements as the 
Louisville, the mortar should be finally placed in the work 
within thirty minutes of the time it is first wet. If cement 
mortar is used after it has begun to set, it will be permanently 
weakened, and if used very long after it has begun to set, it 
will remain inert and will never harden. 

Mortiir shall be composed of one measure of cement and 
two measures of sand, and shall be mixed on a t'ght platform 
as follows: One measure of aand shall be evenly distributed 
on the platform ; and one measure of cement shall he distributed 
on the sand, and'a second measure of sand shall be distributed 
on the cement. The sand and cement shall then be thoroughly 
mixed in a dry state, being turned over with shovels until this 
is accomplished. Water shall then be added in a sufficient 
quantity to convert the sand and cement into a mortar which 
will stand in a pile and not be fluid enough to flow. During 
the application of the water the mass must be constantly turned 
with shovels, so that the mortar will be of uniform consistency- 

O. B. 

128. Cement Concrete. Cement concrete is usually 
composed of cement mortar as described in the previous article, 
mixed with broken stone. It may, however, be composed of 
cement mortar mixed with gravel. If gravel can be procured 
free from earthy matter, varying in size from coarse sand to 



SPECIFICATIONS FOR CEMENT, MORTAR^ ETC. 
not more than about two inches 



151 



iiameter, it would 
lene a better purpose in the manufacture of concrete tliiin does 
broken stone. Experiments have shown also, that when stone 
11 broken in a stone crusher and not screened, so that all the 
Goer parts remain in, including the stone dust, a stronger con- 
crete results than with the use of the same quantity of screened 



The ideal cement concrete is such a mixture of material of 
graded size, from the largest used down to the finest sand, as 
will make a neaily solid mass, when properly mixed. This 
ni»y then be solidified by uniting with it such an amount of 
finely ground cement as will serve to completely coat each and 
every particle of snnd, gravel, or stone, and fill the small voids 
Kmaining after the graded materials have been thoroughly and 
ooiiorinly mixed. Since crushed rock is alw.tys angular it will 
be often impossible to make as solid a concrete mass with it as 
cube made by the use of gravel. When gravel is used it is 
best to have it screened to a series of regularly graded sizes, 
end then such proportions of each successive smaller size used 
i» will serve to fill the voids in the larger size. The cement 
fiaally fills the voids between the small sand grains. 

The Band and cement should always be very thoroughly 
nixed dry, then the coarser material should be thoroughly wet 
uA the excess of water drained off, after which the mixed siind 
nd cement should be incorporated with the moistened gravel 
or rock, and a sufficient amount of water added while the mix- 



ing IS in progress as v 



1 reduce the entire mass to the proper 
eonsisteDey. The most effectual mixing can be done by 
msciutiery, but il is more commonly done by hand. Perhaps 
Ote best cement mixer is a cubical box mounted on trunJons at 
tte iagonally opposite corners into which the proper propor- 
lioos of the constituent parts, including the water, are placed 
ud the whole given a certain number of revolutions. There 
we various kinds of continuous mixtures into which the proper 
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jiioportions of the several ingredients are tbrown i 
rundotn, and from wliich the concrete is supposed to continu 
oiisly fall upon the work in a properly mixed condition. Thi 
method is probably fully equal to hand mixing, but is not r 
satisfactory as the use of the cubical box above described. 

Concrete should always be laid in courses of from six t 
nine inches in depth, and thoroughly rammed in place in orde 
to compact it effectually. If several courses are to be Iftid i 
order to obtain the required depth of concrete, one couneshottt 
follovj another as rapidly as possiile, in order that they ma 
become effectually joined, and form finally one mouolitlii 
mass. The courses already laid, however, should not be dii 
turbed, atler the concrete has begun to take a set. When ih 
work is interrupted at the end of a day, and other courses c 
concrete are to be laid the following day, and especially whe 
Sunday intervenes, the top of the concrete should be coverc 
and kept wet, and when the next course is laid the lop gurfac 
of the former should be thoroughly water soaked, and a 
earthy matter removed from it. 

Masoury or other heavy weights should not be laid upo; 
concrete until it has been allowed to harden, usually as muc 
as iwenly-four hours. In the case of quick setting naturt 
cements, however, twelve hours may be sufficient. 

Since successive freezing and thawing will prevent th 
ultimate hardening of cement mortar, it is customary to pre 
scribe that no masonry or concrete in which cement mortar : 
employed shall be tsid in freezing weather. It is a well estat 
lished fact, however, that Portland cement mortar is not Injurei 
by freezing if it remains in a frozen condition for a considerab] 
length of time. Again, when the temperature is not too loi- 
but below freezing, freezing of the mortar may be prevvntu 
by adding salt lo the water in making the mortnr, or the ingr* 
dients of concrete may be heated so that the concrete will hart 
set before freezing can take place. 
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The {oilowing speeifiention for cement concrete includes 
ua constituent part of it the specification for cement mortar in 
the previous article. That which is given below is supposed 
(0 follow directly upon the previous quotation, the whole con- 
ititating a specification for cement concrete. 

The broken stone sh.ill be wetted down and (hen thor- 
ogghly mixed with the mortar by turning it over with shovels ; 
no more stone shall be used than can be covered on all surfaces 
with mortar, and the proportion of broken slone in the concrete 
must not exceed five me.isures of stone to one measure of 
cement. All m.iterial must be actually measured in bulk. 

Concrete must be mixed in small and convenient quantities 
and immediately deposited in the work. It must be carefully 
placed, and not dropped from any height. It shall be laid in 
Kctions, and in horizontal layers not exceeding nine (9) inches 
in thickness, and it must be thoroughly rammed until the stone 
is covered with mortar and a film of water appears on the 
urfacc. In no case shall concrete be permitted to remain in 
the work if it has begun to set before the ramming is com- 
pleted. When concrete is properly made the whole mass 
becomes one stone when it has set, and it is very important 
that it shall be deposited continuously in the work. All sur- 
fices upon which concrete is to be laid must be wetted before 
die concrete is deposited. Plank or timber forms must be 
provided when necessary to confine the concrete to the shape 
Jdd dimensions shown on the plans. 

Before any weight is placed on concrete it shall have as 
nwch lime to set as can conveniently be allowed, and in no 
cue less than twelve (i3) hours. 

In cold weather material for concrete shall be heated as 
directed by the engineer. 

The engineer will issue special instructions for concrete 
uhich is to be deposited underwater. O. t). 

The following method* of making concrete by using sea 
washed gr.ivel of standard sizes as obtained from graduated 
(acens has given most excellent results. In this mixture there 
were three grades of sand and gravel employed, namely, fine 
Mad, coarse sand, and small gi'avel stones up to one fourth of 
I ia diameter, and large gravel from one half to two 
ilicbei ia diameter. The proportions were one part cement, 
B parts 6ne sand, four parts coarse sand and small gravel, 

JMMlcleby C. I!. Pl»tlc, C, H. in Engmteriog New* of Februsirj Ji, iSgS- 
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and eiEht parts of the larger gravel, making in a!l one pari of 
cement to fourteen parts of sand and gravel, by measure. 
The cement and fine sand were mixed dry. The two grades 
of gravel were then thoroughly miKed and saturated with 
water, the surplus water being allowed to drain off. The dry 
mixture of cement and sand was then uniformly spread over the 
wel gravel and thoroughly mixed with it. The water which 
remained adhering to the gravel was found sufficient to moisten 
the cement, and also to insure a uniform distribution of such 
water through the mass. The mixture was then deposited in 
place and thoroughly rammed, and it was found to give a very 
solid and strong concrete. It was found that three and one 
half barrels of cement were used for each four and onehalf 
cubic yards of concrete In place. It is said that the concrete 
was equal in every particular to that made of one part of 
cement, three parts sand, and five* parts broken lime stone. 
This species of concrete was used in the foundations of the 
New York and Brooklyn bridge, and also on some of the New 
York City cable railways. This mixture comes very near 
being the idea! concrete for bolh solidity and economy. 

The following complete specification for cement mortar 
and concrete indicates the present practice of one of the lead- 
ing civil engineers of this country, and has many excellent 
qualities. These specifications were used in the construction 
of the 155th street bridge over the Harlem river, New York 
City. 

All mortar used, except for pointing, shall be composed 
of one part Portland cement mixed in a dry state, with two 
parts clean, sharp sand, free from loam; the entire quantity of 
water to be added, and the whole mass thoroughly incor- 
porated. Mortar shall only be made in batches for immediate 
consumption, and none used that has commenced to set. 
Pointing mortar shall be composed of cement and sand in 
equal parts, made in very small quantities, and mixed with 
just enough water to bind the grains. 

The cement used will be Rosendale or its equivalent, and 
Portland. The Rosendale shall be of the best quality of 
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inch 



'■stsMisheiJ brands approved by the engineer, and shov 
''minimum breaking strength of seventy pounds per sqnm 
"n the twenty-four hour test, viz. : Set oiiu hour in Hir, 
'cmainder of lime in water. Portland cement must be of a 
Well-established brand, English or German mnniifaclute, and 
approved by the engineer. It should be a moderately slow- 
setting cement, weighing one hundred and six to one hundred 
and twelve pounds per struck bushel, not les3 than ninety- 
eight per cent, fine, using a two thousand five hundred mesh 
sieve, and to lest neat in seven days after two hours in air,* 
remainder of time in water, tliree hundred and eighty, to four 
hundred and twenty-five pounds per square inch of section. 
When tested in cakes, all cement must be free from cracking 
On the edges. 

In general, all cements must be subject to the usual 
Standard of inspection and testing, hij recommended by the 
Americ4in Society of Civil Engineers, The contractor must 
keep on hand, under proper shelter, and convenient of access, 
sufficient stock of cement ahead of his wants to afford a rea- 
Eonnhle time for its proper examination and testing. 

The sand used must be clean, sharp sand, not too fine, 

£rce from pebbles and must not soil white paper. 

The water used must be clean, fresh water. 

The concictc will be mixed either by hand or machine, 

according to quantity needed and rapidity of requirements. 

JK.ny machine used must be one of proved efficiency and 

reliability for uniform product. All component parts of a con- 

*^rete batch must he accurately gauged as to relative volume. 

Cement and sand must be thoroughly mixed dry, and the 

thoroughly wetted broken stone incorporated therewith, and only 

«:nougb water added by sprinkling to uniformly dampen the 

*Tiass without wetting it, as may be directed. The amount of 

^*ater required will depend upon atmospheric conditions of heat 

stnd moisture, nnd due allowance must be made therefor. In 

nmid mixing, the broken stone will be spread out upon a tight 

platform^ within a movable frame of gauged dimensions, holding 

inexact manageable batch of stone, r" 

^be atone to be flushed off uniform 

thorotigbly wetted, allowance being 

*>«wime highly heated from the sun, 

evnporalcs. The sand and cement i 

plitlorm tobe then uniformly spread 

assliove. The frame will thei 

*«W'dcd over in rows, the mei 

'oV[»rd» each Other, care being exercised not to heap the n 
Wt limply turn it over, keeping the original thickness. Uur- 
""■■ this process the sprinkling to be kept up to obtaia the 

U commoDly k'vcb u 14 boun in mir, but kcpi o 



to twelve inches deep. 
'ith edge of frame, and 
ring made when stone has 
lun, when the water quickly 
It mixed dry on an adjacent 
end over the stone prepared 
be lifted off. and the mass 
working from opposite sides 
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required dampness. The operation to be repeated rapidly and 
only so often as may be necessary to obtain a uniform homo- 
geneous mass of concrete, which must he used as rapidly as 
possible. All concrete must be thoroughly rammed in layers. 
as may-be directed, with metal rammers of an approved pat- 
tern, weighing from thirty to thirty-five pounds each. Comers 
inaccessible to direct long-handled ramming, as in air chambers 
of caissons, to have special devices provided to insure solid 
contact work. All concrete stone to be trap-rock, or a dense 
fine grained blue limestone, or may be a clean screened coarse 
gravel, when used with Rosendale cement. All concrete stone 
must be clean and free from dust. There will be three grades 
of concrete required designated by numbers. 

No. I. Concrete mass on roof of caissons and filliti{r of 
air chambers — one part Portland cement, two parts sand and 
four p.irts of onc-half-inch clean, broken stone.' 

No. 3. Concrete for footings of Pier III, and hearting of 
all piers — one part Portland cement, two parts sand and four 
and one half parts broken stone, miscellaneous sizes, but none 
over two inches in any direction. 

No. 3. Common concrete in Pier 11 — one part Rosen- 
dale cement, two p.-irts sand and five parts gravel or broken 
stone. A. P. B. 

When concrete is used for the purpose of making a wall 
impervious to water, it must be made of small gravel or small 
broken stone, and it must be unusually ricfa. That is to say a 
large excess of mortar must be employed. With these precau> 
tions, with proper care in laying, it is possible to make a prac- 
tically water-tight wall of cement concrete. Such a wall or 
partition may be constructed between two rubble stone walls, 
the concrete core being relied on to make the wall practically 
wnter-tight, 

129. Speciflcations for Stone. The following spec- 
ifications for stone to be used for various purposes are those in 
use by the Chicago, Milwaukee and St. Paul Railway. While 
certain qualities of stone are bcre specified, no method Is pre- 
scribed for determining these qualities. The qualities of build- 
ing stone are often examined by means of laboratory tests for 
strength, specific gravity, and for effect of freezing, and also 

•Tliiiino M^.i^'hed -lone wlikh will pui Itarough kdCTC o[% Inch otsh ud . 
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b» chemicnl and microscopic tests to determine composition 
lod structure. While such tests have considerable value in the 
ibience of any knowledge from experience, they do not take 
(he plflce of that kind of knowledge which is obtained from 
having observed the strength and weathering qualities in actual 
ftnietures which have beer long exposed to the action ot the 
elements. It is always desirable, therefore, to have stone from 
qiurries of estnblished reputation, the products of which have 
tang been upon the market. For this reason where stone spec- 
ifications we prepared for a given locality, the engineer may 
ialorro himself of the most available kind of stone to he used 
at that place, and may specify two or three alternative varieties, 
by naming the quarries. Evidently this would not be practica- 
ble where general specifications are prepared for an entire 
railway system of such large extent as that of the Chicago, 
Milwaukee and St. Paul. For this system the specifications 
read as follows: 

Stone. 
Bridge, block rubble and common rubble stone must be of 
sound and durable quality, free from flint seams, powder 
cracks, dry and incipient cracks, flaws and other imperfections, 
and of such character as will resist the action of the weather 
without injury to the masonry in the climates traversed by the 
railway company's lines. 

All stone, except riprnp, shall have its top and bottom 
beds approximately parallel to each other and to the natural 
quarry beds, and shall be approximately rectangular in shape 
with sides perpendicular to its beds. 

Bridge stone shall be from 14 inches to 24 inches thick, 
from 4 feet to 7 feet long, and from 2 feet to 5 feet wide; but 
in no case shall its length be less than two and one half times 
ita thickness, nor its width be less than one and one half times 
ill tfaickness. 

Block rubble stone shall be from 8 inches to 14 inches 
thick, z feet to 5 feet long, and not less than 18 inches wide. 

Common rubble stone shall not be less than 6 inches thick, 
16 inches long, and 10 inches wide. 

Riprap must be of sound- stone of such quality that will 
twt disintegrate under the action of the weather. It shall he 
of random size and shape, none lo be less than 20 pounds in 
weight, and the majority such as can be handled by one man. 
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but no stone to be larger than can be handled by two men 
without the use pf a bar. 

The engineer reserves the right to specify the quarry and 
the particular ledge in the quarry from which the stone shall 
be supplied. 

The stone may be inspected before or after shipment from 
Ibe quarry, at the option of the railway company, and in the 
former case the contractor shall furnish the inspector with full 
facilities for examination of the stone. 

The engineer reserves the right to acceptor reject any or 
all of the stone for want of conformity with these specifications 
at any time previous to its being paid for in full by the railway 
company, notwithstanding that it may have been previously 
passed upon by the inspector, and in case of such rejection the 
title to the stone shall be in the contractor, and he shall be 
charged freight on tlie same at regular tariff rates. O. B. 

130. Stone Masonry. It is not safe for the engineer 

to undertake to designate a particular class of masonry by a 
particular name, without entering in the specifications a full , 
description of the same. The names of classes of masonry 
are too indefinite and are used in too many senses to make it 
safe to pursue such a cgurse. The engineer should, therefore. 
describe in considerable detail exactly the kind of masonry 
construction he desires, and he need not give to such masonry 
any particular class name. If he does use class names, he 
should define them clearly in the body of the specifications. 
Specifications will be given below for several different kinds of 
masonry. 

In laying masonry and in writing the specifications for 
the same, three paiticular ends should be constantly in mind. 
These are: (o) evenness and equality of bearing in support- 
ing the superimposed load; {&) so far as possible an entire 
absence of voids or openings in the body of the work; and (c) 
so effectual a bonding of the mass as to cause it to act so far 
as possible as a monolithic structure. If the masonry occu- 
pies a prominent situation so that its appearance is a matter ol 
importance, the exterior surfaces may be made to conform to 
any desired plan. The following speciii cat ions are thought to 
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r be self exptanatory. They are the general specifications for 

I bridge masonry used by the Chicago, Milwaukee & St. Paul 

I Rsilway, While these specifications do not require a very 

I eijwBsive grade of work, if fairly carried out they will produce 

I permsnent monolithic structures of great strength, provided a 

I food quality of stone and cement have been employed, the 

I specifications for which are issued separately, 

I Bridge Afasonry. 

All masonry shall be built according to the plans and 
instructions furnished by the engineer, and when built by con- 
Iract will be measured, estimated, and paid for by the cubic 
yard, and only to the amount of cubical contents of the same as 
planned and laid out. 

All masonry built by contract shall be subject to tl.e super- 
vidoa of an inspector whose duties it shall be to see rhat the 
requirements of these specifications are co.nplicd with, but his 
presence shall in no way or in any degree lessen the responsi- 
bility of the contractor or his obligations. 

The stone used in bridge masonry shall be of the quality 
and dimensions described and known as bridge stone in this 
company's specifications for stone. 

The stone shall be carefully cot and dressed, forming 
headers and stretchers, which must be laid in regular horizontal 
courses in good cement mortar, with beds and builds level, the 
ead and side joints vertical and broken at least fifteen (15) 
Inches. 

AH foundation or footing courses must be made of select 
Urge stones not less ihnn eighteen (18) inches in thickness 
UH] baving a superficial area of at least fifteen (15) square 

No course of stone shall be less than fourteen (14) nor 
noro than twenty-four (24) inches in thickness and each course 
■hall be continuous around and through the wall, the courses 
decreasing, when at .til, regularly in thickness from the bottom 
to the top of the wall. 

Face stones shall he composed of headers and stretchers, 
aw] eacli stone in any course shall be of the exact thickness of 
tbe one adjoining it. The outer surfaces are to be rock face, 
bat ibe edges shall be brought to lines corresponding to the 
Gaished dimensions of the masonry, and there shall be no pro- 
jections of over four (4) inches beyond these lines. 

Tbe beds and joints of face stone shall be dressed back at 
least twelve (i;) inches from the face of the wall and must be 
brought lo a joint of not more than one half (}^) an inch wnen 
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laid. The under bed must extend to the extreme back of the 
stone; no overhang whatever will be allowed. 

Stretchers shall not be less in length than two and one half 
(2^) times their height, and no stone shall have a less width 
than one and one half ( i Jii ) times its thickness. 

Headers at least four (4) feel long, when the thickness of 
the wall will permit, shall be putki frequently to bond the wall, 
and they shall be so arranged that the headers ot any course 
shall fall between the headers of the course immediately below 
it. There shall he one header to every two (2) stretchers, and 
they shall, as far as practicable, hold the size back into tlie 
heart of the wall that they show in the face. 

When the walls do not exceed four (4) feet in thickness 
headers most run entirely through the wall, and in pier work a 
number of them shall extend through, even though the walls arc 
of a greater thickness than this. 

When walls exceed four (4) feet in thickness, there shall 
be as many headers of the same size in the back of the wall 
as in the face, and so arranged that a header in the rear of the 
wall shall be between two headers in the front. 

The backing and interior of the walls shall be of large, 
well shaped stone of a thickness equal to that of the corre- 
sp6nding face stone. No voids over six (6) inches in width 
shall be left between these stone, and all such void must be 
filled with small stones and spawls thoroughly bedded in cement 
mortar or grouted. When the masonry is completed, it must 
contain no voids, and must be, as neiirly as practicable imper- 
vious to water. When weep holes are necessary, they will be 
ordered by the engineer. 

All stones shall be prepared by dressing and hammering 
before they are brought on the wall, and must be so shaped 
that their bearing beds will be parallel to their natural beds. 
No heavy hammering will be allowed on the wall after a course 
■, they must be carefully 



s broadest bed without the 
n a full bed of mortar, so 
r stone at any point without 



is set, and, should any irregularities o< 
pointed off. 

Each stone must be laid on its 
use of chips, pinners or Ici 
that no stone shall bear upon 
a mortar joint intervening. 

Care must be taken not to injure the joints of stone already 
laid. Should a stone be moved or the joint be broken the stone 
must be taken out, the mortar thoroughly cleaned from both 
the stone and the masonry and the stone then reset. 

The stones in each course shall be so arranged as to form 
ft proper bond with the stones of the course immediately 
beneath it, and in no case shall this bond be less than fift een 
(15) inches. 
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Both the stone and the masonry must be kept free from .ill 
(fin [h.it will interfere with the arfhesion of the mortiir or 
rcment lo the stone, and in wurm weather the stone and the 
oUBonry must be wet with clean water just before laying. 

Wbcn masonry is built in freezing weather, the masonry 
ind stone most be thoroughly freed from ice or frost by using 
!3lt and hot water, and where practicable, the stone must be 
Jjeld over a fire just befort; being set. 

The top surfaces of coping stones of abutments and piers 
ire to he rough cut to a true plane, and the surfaces where the 
ltd pljtes of iron bridges rest shall be bush hammered and 
made level. When the track is on a grade or curve, the eleva- 
tion both for the curvature and grade will be provided for in the 
ironwork. Under no circumstances will the masonry be cut on 
«n incline for this purpose. 

The front face and top of all mud walls shall be rough 
callo a true plane. 

Whenever it may be necessary to remove any part of the 
pTMcai masonry in extending abutments or piers for second 
track work, it shall be stepped back so as to insure a sufficient 
bond between the new and the old work, so as to break joints 
Dowhere less than twelve (is) inches. O. B. 

The following specifications for different classes of masonry 
are l;>ken from the standard specifications used by the Penn- 
sylvania Railroad Company. In these specifications three 
Mpatate classes of masonry are recognized, and for any partic- 
Bl»r piece of work, it becomes necessary to specify only the 
dus of masonry which shall be used in these general epecifi- 
Otions : 

Detailed plans will be prepared by the engineer for each 
i-iruclure, and copies of the same furnished to the contractor 
lieforc the commencement of the work. All sSone used for the 
different classes of masonry must be sound, durable and not 
liable to be a£fected by the weather, and shall be subject to the 
ipproval of the engineer. 

Muonry will be classified as follows: 

Junt'Cfass TOOJonrj- shall consist of ranged rock work of the 
belt description. The face stones shall be accurately squared, 
jointed and bedded, and laid in regular horizontal courses, not 
lew than twelve inches in thickness, decreasing regularly from 
)-ollom to top of the walls. They shall consist of headers and 
MTttchers. and there shall be at least one header lo every two 
ttrelcherB. and they shall be so laid that, as nearlv as practica- 
ble, ibe headers in each course shall divide eciually, or nearly 
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SO, the spaces Between the heaJers in the course immediately 
below. Stretchers shall be not less than three feel long and 
sixteen inches in width. Headers shall not be less tlian three 
feet in length and eighteen inches in width, and shall hold the 
size back into the heart of the wall that they show in the face. 

When the walls do not exceed four feet in thickness the 
headers shall nm entirely through, and when they exceed that 
thickness there Bhall be as many he.-iders of the same size in the 
rear as in the front of the wall, so arranged that a header in 
the rear of the wall shall be between two headers in the front. 

Every stone must h^ laid on its natural bed, and all stones 
must have their beds well dressed and made always as targe as 
the stone will admit of. Mortnr joints shall not exceed one 
quarter inch in width ; the vertical joints of the face must be in 
contact at least four inches, measured in from the face, and as 
much more as the stone will admit of. The stone will be cut 
with pitched edges, but all corners, batir lines, steps and cop- 
ings must be run with a neat chisel draft of one and one half 
inches on each corner, and the projections of the rock face 
must not exceed three inches beyond the fiice of the pitch or 
draft lines of the stones. The stones of each course shall be 
so arranged as to form a proper bond with the stones of the 
underlying course, and the bond shall in no case measure less 
than one foot. Stretchers shall in no case have less than six- 
teen inches bed for a twelve inch course, and for all courses 
above sixteen inches in thickness, at least as much bed as face. 
The whole of the masonry shall be laid in cement mortar, each 
Stone being carefully cleaned and dampened before setting and 
each course shall be thoroughly cemented before the succeed- 
ing course is laid. No hammering on the wall will be allowed 
after the course is set; if any irregularities occur tliey must be 
carefully pointed off. The backing shall consist of stones with 
beds dressed to one half inch, and of a thickness equal to that 
of the corresponding face stones; they shall be laid in full 
cement morlar beds, so as to break joints and thoroughly bond 
the work in all directions, and on the completion of each course 
the space between the large bucking stones (none of which 
spaces will be over six inches wide) shall be filled with small 
stones and spalls, thoroughly bedded in cement mortnr or 
grouted. 

All foundation courses must be laid with select large 
stones not less than eighteen inches in thickness, nor of le«3 
superficial surface than fifteen square feet. All bridge seats, 
steps and tops of walls should be finished with a coping course 
of such dimensions and projection .is may be ordered by the 
engineer, dressed and cut to a true surface on top and on the 
showing faces and in conformity with diagrams for the same. 
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wliich shall be furnished by the engineer. If required, all 
eopings shall be fastened together with clamps of iron, 

First-class arch masonry shall be built in all respects in 
accordance with the above specifications for livst-class bridge 
masonr\'. The ring stones shoill be dressed to such size and 
ihape as the engineer may determine, and of the thickness 
Kbown on the plans. The joints must be made on true radial 
lines, and the face of the sheeting stones must be dressed to 
□iiite close joints. The ring stones and arch sbeeiing stones , 
shall break joints not less than one foot. The wing walls shall 
be neatly stepped in accordance wilh the drawings furnished, 
Mith selected stones the full width of the wing and not less 
ihdn fourteen inches thick, and no slone shall be covered less 
th.tn twelve inches by the one next above it. 

The parapets shall be finished with a coping course of 
lull width of parapet, with such projection as may be directed 
by the engineer; the coping to be not less than fourteen inches 
thick and to be fastened together wilh wrought iron clamps. 

Secomd-elass bridge masonry shall consist of broken or 
taoAam range work of the best description. The face 
Stones shall be dressed to a uniform thickness throughout before 
being laid, but not hammered, and shall be laid with, horizon- 
tal beds and vertical joints on the face. No stone shall be less - 
than eight inches in thickness, unless otherwise ordered by the 
engineer. There shall be at least one header to every three 
ttretcbers, and both headers and stretchers shall be of similar 
size, when the thickness of the wall will admit, but neither 
ifasU be less than three feet in length and fifteen inches in 
width. The same arrangement of headers shall be required as 
is kpectfied for first-cljiss bridge masoury. Mortar joints shiiU 
not exceed one half inch in thickness. AH corners and quoins 
•hall have hammer dressed beds and joints. All corners and 
bath- lines &hall be run with an inch and a half chisel draft. 
The vertical joints of the face must be in contact at least four 
incites, measured from the face, and as much more hs the stone 
will admit of. The work need not be laid up in regular courses, 
but shall be well bonded. The stones shall be cleaned and 
dampened before setting and shall be laid in cement mortar. 
The backing shall consist of stones of the same thickness as the 
idjacent face stone, laid in full cement mortar beds with good 
jointJi and bonds, and the spaces tilled with spalls, thoroughly 
bedded in cement mortar, or grouted, as specified for first-class 
bridge masonry. Bridge seats, steps and tops of walls shall be 
coped in the same manner as specified for first-class masonry. 
Stone* in foundation courses shall be of not less than twelve 
inches thickness and ten square feet of surface. 

Second-class arch masonry shall be laid in cement mortar, 
•od iball be of the same general character and dcsalptton a% 
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second-class bridge masonry, with the exception of the arch 
sheeting, for which proper stones shall be selected that sVall 
have a good bearing throughout the thicknesa of the arch, and 
shall be welt bonded and be of the full depth of the arch. No 
Btone shall be less than six inches in thickness on the intrados 
of (he arch. The ring stones of all arches shall conform to the 
specifications for first-class arch masonry. 

Third-class masonry shall be laid dry, or in lime or cemeot 
mortar as may be directed by the engineer. It s'-all he formed 
of good quarry stones, laid upon theirnatural beds, and roughly 
squared on the joints, beds and faces, the stones hreaking 
joints at least six inches, and with at least one header for 
every three stretchers. No stone shall be used in the face of 
the wall less than six inches in thickness, or less than twelve 
inches on the least horizontal dimensions. Headers shall be xt 
least three feet long, or extend entirely through the wall. The 
ends of all walls shall he dressed and finished in accordance 
with the plans. The stones in ihe foundations must not be less 
than ten inches in thicknes=, and shall conlain not less than ten 
square feet surface, and each shall be firmly, solidly and care- 
fully laid. 

In box culverts the top courses of the side walls shall 
extend entirely across the walls, and the covering stones shall 
have a bearing of at least one foot on each wall. The thickness 
of covering stones shall not be less than ten inches for two feet 
openings; not less than twelve inches for three feet openings, 
and not less than fifteen inches for four feet openings. Unless 
huilt on timber foundations reaching entirely across the open- 
ing, the space between side walls of box culverts must be paved 
with stone, set on edge, not less than eight inches deep, and 
well secured at the ends with deep curbing. P. Ry. 

131. Specifications for Stone Masonry for a 

Large Stone Dam. The following specifications for stone 
masonry are those which were used in the construction of the 
new Croton dam. New York City, rSga. They are com- 
mended especially for their securing a most efficient, solid, and 
impervious grade of work, at a minimum coat. Thus the bodj 
of (he dam, composed of rubble stone masonry laid in cement 
mortar, thoroughly bonded, and made entirely solid, cost from 
$3.40 to $4.00 per cubic yard, the cement mortar being one of 
Rosendale cement to two of saud, the stone huving t o be| 
hauled about one mile. 
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lotber significant feature of these spcci Mentions is the 
for (he face dressing per unit of surface in addition to 
idard price per cubic yard, the matter of this face dress- 
ing being left nnlil the work is executed. In this way such 
nniill details need not be dclermined in advuncc and indicated 
upon the drawings. 

Stone Alasonry. 

All stone masonry is to be built of sound, clean quarry 
ktonc of quality and size satisfactory to the engineer; all joints 
to lie full of mortar, unless otherwise specified. 

Dry rabble masonry and paving are to be laid without 
mortw, and are to be used for walls, for the slopes of the dam 
embankments, and at any other place that may be designated. 
This class of masonry is to be of stone of suitable size and 
quility. laid closely by hand with as few spawls as practicable, 
in mch manner as to present a smooth and true surface. The 
work it to be measured in accordance with the lines shown on 
*he drawings or ordered during the progress of the work. The 
•tones used must be roughly rectangular; all irregular projec- 
tion nnd feather edges must be hammered off. No stone will 
i"; accepted which has less than the depth represented on the 
plinsor ordered. Each stone used for paving must be set 
^otid ciQ tlie foundation of broken stone or earth and no inter- 
"tieej most be left. 

In Ihe dry ruhble masonry walls, large stones must be 
e^ed. especially for the faces, and the walls must be bonded 
^'t!> frequent headers, of such frequency and sizes as shall be 
•Pptoved by ihe engineer. 

Riprap may be used in connection with the protective 
*dtIi, and wherever the engineer may order it. It shall be 
'"sile of stone of such size and quality and in such manner as he 
'''I'll direct, and must be laid by hand. 

.\ftcr the slopes which are to receive the paving have been, 
^ttvMd, a layer of broken stone is to be spread as a foundation 
"" the paving, wherever ordered. The broken stones must be 
*'>unil and hard, not exceeding two inches at their greatest 
"'•meter. Broken sione, not exceeding one inch in diameter, 
"••y be used for forming roadways ; it is to be spread to such 
"I'tluiMs as ordered and heavily rolled or rammed. Broken 
•loiM tnay be used also wherever the engineer may direct, 
'^"edifso directed, and paid for under this head, except the 
jTokcn ttonc used for making concrete, the cost of which is 
indudrd in the price hereinbefore stipulated for concrete laid. 
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Rubble stone masonry is to be used for the central part of ■ 
the dam, for the overflow, for the center walls of the earth 
embankments, for most of the structures and appurteuauces of 
the dam, and wherever ordered by the engineer. 

Rubble Btone masonry shall be made of sound, clean stone 
of suitable size, quality and shape for the work in hand, and 
presenting good beds for materials of that class. Especial care 
must be taken to,have the beds and joints full of mortar, and 
no g[routing or filling of joints after the stones are in place will 
be allowed. The work must be thoroughly bonded. The faces 
of the rubble stone masonry, especially the up-stream face of 
the walls, shall be closely inspected after they are built, and if 
any mortar joints are not full and flush, they shall be taken out 
to a depth of no less than three inches or more, if so ordered, 
and repointcd properly. 

A large quantity of nibble stone masonry in mortar ii bv 
be used in the construction of the central part of the dam Kid 
of the center wall and overflow. 

The stones used therein must be sound and durable; they 
must have roughly rectangular forms, and all irregular projec- 
tions and feather edges must be hammered off. Their beds, 
especially, must be good for materials of that cl.iss, and present 
such even surfaces that, when lowering a stone on the level 
surface prepared to receive it, there can be no doubt that the 
mortar will fill all spaces. After the bed joints are thus secured, 
a moderate quantity of spawls can be used in the preparation 
of suitable surfaces for receiving other stones. All other joints 
must be equally well filled with mortar. 

The quality of the beds is to regulate, to a large extent, the 
size of the stones used, as the difficulty of forming a good bed 
joint increases with the size of the stones. 

Various sizes must be used, and regular coursing must be 
avoided, in order to obtain vertical as well as horizontal bonding. 

The sizes of the stones used will vary also with the char- 
acter of the quarries, but, especially in the places where the 
thickness of masonry is great, a considerable proportion of large 
stones is to be used. It the size and character of the stones, in 
the opinion of the engineer, shall admit of It, the joints (except 
the beds), instead of being filled with mortar, may, at his 
request or on his approval, be filled with concrete made as 
hereinbefore specified, with the exception that the component 
materials be mixed in the proportion of one part of cement to 
three parts of small stone or gravel of such size as the engineer 
shall direct, and thoroughly rammed, care being taken to use 
fl moderate amount of water only which must be brought tO' 
the surface by ramming, such filling of joints with concrete to 
leave no vacancies and to be thoroughly made. If concrel^is 
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ttik nted, ihc spaces left between the stones should not be less 
ihsiasix inches, in order ihiit proper nimming can be obtiiined. 
No extra compensation shall be paid to tlie contractor for 
tbcuteof such concrete, the cost of which is to be included in 
tile price herein stjpuliited for tlie masonry in connection with 
wlirh !t is used. 

The exposed fnces of the main wing wall, of road culverts, 
ofaotneofthc walls and of any other rubble work that the 
engineer may designate, are to be made of brbken ashlar with 
joints not exceeding one half inch in thickness ; the stones nut 
to be less tlian 24. inches deep from tiic face, and to present 
frequent headers. This face work to be equal in quality and 
appearsnce to the face of the breast wall in tront of the new 
gate hou&e at Crolon dam (Section 1), and to be well pointed 
wlh Portland cement. This face work is to be paid for by the 
sqiiiire foot of the superficial area for which it is ordered, in 
addition to the price paid per cubic yard of rubble stone 
cnawnry. 

Block stone masonry is to be composed mainly of large 
blocks and is to be used for the steps of the ox-erfall or for 
other steps, or whenever and wherever ordered by the cngi- 
UCcr. It is to be laid in Portland cement mortar, well pointed, 
Otmav be ordered laid dry at the price stipulated in clause O, 
iUm (0). 

This stone, which is to receive the shock of water and ice, 
» to he especially sound, hard and compact, and of a durable 
chiracter; it is to be prepared to the dimensions given so that 
Oo joint will in any place be more than one inch wide. The 
Ootsidc arrises must be pitched to a true line. 

The outer faces of the masonrv dam and of its gate 
chambers, of the overflow (except steps), and of any other 
PifCe of masonry that may be designated, arc to be made of 
range stones, as shown on the plans, the stone to be of unobjec- 
tionable quality, sound and durable, free from all seams, dis- 
^lonition and other defects, and of such kind as shall be 
•pptDvcd by the engineer. 

All beds, builds and joints are to be cut true to a depth of 
not more lh:ni 4 inches, and not less than 3 inches from the 
f«M to surfaces allowing of one half inch joints almost; ihe 
for the remaining part of the stones not to exceed two 
in tliickness at any point. 
II cat arrises to be true, well defined and sharp. 

this class of masonry joins with granite dimension 

isonry the courses must correspond, and the joining 

Lurches and other dimension stone masonry must be 

!e and workmanlike. 

;h course to be composed of two stretchers and one 

■Itenitttcly, the stretchers not to be less than 3 feet long 
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nor more than 7 feet long, and the headers of each successive 
course to alternate approximately in vertical position. 

The rise of the courses may vary from bottom to lop from 
30 inches to 15 inchea in approximate vertical progression, anil 
the width of bed of the stretchers is not to be at any point less 
than 28 inches. The headers are not to be less than <]. feet in 
length. 

This class of masonry, for the faces of the dam and gale 
charnber, including the headers, is to be estimated at 30 inches 
thick throughout. At other places that may be designed by 
the Engineer, the size of the stones is to be establiRhed by him, 
and the faciug stone masonry is to be estimated according to 
the lines ordered or shown on the plans. In no case are the 
tails of the headers to be estimated. 

The work to be equal in quality and appearance to the 
facing stone masonry work built by the aqueduct commis- 
sioners for their masonry dam across the cast branch of the 
Croton River near Brewster. 

All copings that may be ordered and the heads of the 
arches of the highway culverts, will be classed as facing stone 
masonry. 

The price herein stipulated for facing stone masonry is to 
cover the cost of poinling, of cutting chisel drafts at all corners 
of the gate-house dam and other corners, and of preparing 
the rock faces; but if any six-cut or rough-pointed work is 
ordered in connection with this class of masonry it shall be 
paid for at he prices therein stipulated for such work. 

The face bond must not show less than 12 inches Inp, 
unless otherwise permitted. 

The pointing of the faces to be thoroughly made with pure 
Portland cement after the whole structure is completed; unless 
otherwise permitted, every joint to be raked out therefor to tt 
depth of at least two inches, and, if the engineer is satisfied 
that the pointing at any place is not properly made, it must be 
taken out and made over again. 

Granite dimension stone masonry must be made of first- 
class granite of uniform color, free from all seams, discolora- 
tion and other defects, and satisfactory to the chief engineer- 
It is to be used for the gate openings in the gate chamber, 
for the coping of the dam, for the gate-house superstructures 
and for the crest and first step of the overllow, and at any other 
place that may be designated by the engineer. 

The stones shall be cut to exact dimensions, and all angles 
and arrises shall be true, well defined and sharp. 

All beds, builds and joints are to be dressed, for the full 
depth of the stone, to surfaces, allowing of one quarter (J^ ) 
inch joint at most. No plugliole of more than 6 inches across 
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«r nearer than 3 inches from an arris is to be allowed, and in 
no case must the aggregate area of the plug-hole in anyone 
JDiat exceed onequarter of its whole nrea. 

The stone shall be laid with onequarter (J^) inch Joints, 
ind all face joints shall be pointed with mortar made of clear 
Portland cement, applied before its first setting. All joints to 
be raked out to a depth of two inches before pointing. 

The pointing of all masonry, including the faces of the 
main body of the dam and of the center walls which are below 
the ground, is to be done thoroughly with Portland cement 
mortar, mixed clear where used for all exposed faces of brick 
and cut atone masonry of all kinds (including the rubble 
facing) ; and mixed for other work in such proportion as the 
EDgineer shall determine. The cost of all pointing is to be 
included in the price stipulated for the masonry to which it is 
applied. 

The exposed faces of the cut stone are to be finished in 
various \vnys, in accordance with the various positions in which 
Ihey are placed. They shall be either left with a rock or 
quarry face, rough-pointed, or fine hammered (six-cut work). 
The various classes of face dressing must be equal in 
<[uality and appearance to those on the sample^ in the ofKce of 
the chief engineer. 

In rock face work the arrises of the stones inclosing the 
rock face must be pitched to true lines; the face projections to 
be bold, and from 3 to 5 inches beyond the arrises. The 
angles o( all walls on structures having rock faces are to be 
defined by a chisel draft not less than i^ inches wide on each 
face. 

In rough-pointed work, the stones shall at all points be full 
la the true plane of the face, and at no point shall project 
beyond more than % inch, the arrises to be sharp and well 
defined. Each stone to have its arrises well defined by a chtsel 
drift, which is included in the price for rough-pointed dressing. 
In fine hammered work the face of the stones must be 
brooght to a true plane and fine dressed, with a hammer having 
tix blades to the inch. 

In measuring cut stone masonry, when the stones are not 
Ttctnngulnr, the dimensions taken for each s^one will be those 
ol ■ rectangular, cubical form which will just inclose the neat 
lints of the same. The price herein stipulated for granite 
dimension stone masonry is to cover the cost of preparing the 
rock faces, of making the chisel drafts, and of preparing all 
holes and recesses and grooves. 

No payment will be made for cutting grooves and recesses 
other than the price paid for the dressing of their suriacea, 
Vi'hich arc to be fine hammered. 
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For rough-poiiited and fine hammered (six-cut) dressing, 
a price per square foot of dressing will be paid in addition to 
the price per cubic yard of masonry, viz, : 

For rough-poiuted dressing, the piice stipulated in clause 
O, item (Oi and for fine bammered (six-cut) dressing, the 
price stipulated in clause O, item (j). 

The exposed parls of tlie cut stone are generally to be 
prepared with rock face. 

The inside aurfaces and copings are generally to be 
rough-pointed, 
I All the gateways, grooves, sills, floors, and all other 

i surfaces designated by the engineer are to be fine hammered, 

A. F. 

t. Specification for First-class Bridge Ma- 

The following specification for first-class bridge 
r represents the current practice of one of the leading 
rAncrican engineers : 

,ViiSoHry — The stone to be used shall be the best quality 
1 o( limeslOQC from the quarries, except the nose stones for the 
I Oirwd upstream starlings of Piers I, II and III, one stone to 
I each course shall be granite. 

The stone must be strong, compact and of uniform quality 
L IihI appearance and free from any defects which in the judg- 
— Ut of the engineer may impair its strength or durability. 

No course shall be less than i6 inches in thickness and no 
t coune. except the coping, fihall be thicker than the one 

r bMw«u> it- 

Each bed of every stone shall measure at least thirty-six 
P^lftChM in c"*^'' direction, except th.at where the thickness of the 
knwTte is less than twenty-four inches the bed need not exceed 
L'%M 'i^d <^''° '^"'^ times the thickness of the stone. 

The bottom bed shall always be the full size of the stone 
I MkI W> «tonc shall have an overhanging top bed. 

SlwK'hers shall not be less ihan four feet nor more than 

^ (eet [out; ""^^ stretchers of the same width shall not be 

jn-A together vertically, but this shall not apply to the ends 

rj2«mtchorB where headers come centrally between stretchers, 

Uv'^ci" sl'f'l be at least four feet long and shall be at 

ImmI ihwo quarters their full width for the whole length. There 

ijyt ^a lit least two headers on each side of every course 

t ^«n.T«'W ll>i-' ohotilders. 

,M Ic^i"! i^vo stones on one side of each course shall reach 
(i )i> tilt* Monc on the other side. 

the face stones shall be cut t»relve inches back 
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The beds and the joints shall be cut to within one quarter 
of an inch of a true pl:ine. The depressions below this plane 
(bill not be more than one tenth of the v/hole surface. 

The vertical joints shall not average more than three eighths 
of ID inch and shall not exceed one half. Thin horizontal 
mortar joints will not be insisted on, but every stone shall be 
set io a full bed of mortar and brought to a proper bearing 
with wooden mauls, no levelers being allowed. 

All stones must be carefully cleaned and wet before set- 
ting, and no mortar beds shall be laid until the course below 
has been cleaned and wet. 

The beds and joints of all face stones shall be cut to true 
pitch lines. 

The face of the upstream cutwaters of Piers I and II shall 
be fine pointed work with no projections exceeding one half 

The coping shall be two feet thick with a bush-hammerep 
face throughout and be cut with a wash as shown ou the plans. 

A iour inch draft line shall be cut on all vertical angles. 

All other portions of the piers shall have a rough quarry 
face with no projections exceeding three inches, the quarry lace 
touverage at least one and one halt inches from the pitch line 
of the joints and never be run back of such pitch line. 

No grab holes shall be made in the face of the coping or 
on the pointed work of the cutwater. 

The stones of the curved upstream starlings of Piers II and 
in shall be doweled into those of the course below with one 
and one eighth inch steel dowels extending six inches into each 
course, these dowels to be placed abuut ten inches back from 
the (ace and seven inches on each side of each joint. The 
atones of the upper course shall be drilled through before set- 
ling after which the hole shall be e\tcnded six inches into the 
Wer course, a small quantity of mortar shall be put into the 
hole, the dowel dropped in and the hole filled with mortar and 
»e1I rammed. 

The coping shall be cut with close joints throughout the 
"•hole pier and each stone under the bridge seat shall go com- 
pletely across the pier. 

The joints in the two courses below the coping in all piers 
ahiUbe cramped with cramps of one inch round iron, sixteeu 
inches long, the ends f6ur inches into each stone. 

The backing shall be composed of stones of the same 
thickness as the face stones and with beds cut in the same 
manner as required for the face stones. The spaces between 
the large stones shall not occupy more than one fifth of the 
entire area of the pier inside of the face stones and these spaces 
sliall be filled with good rubble masonry carefully laid upon 
full mortar beds and well rammed. 
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All face stones shall be laid in Portland cennent on 
two parts of sand to one of cement. The backing shall be lai<^ 
in natural cement Riortar, two parts of sand to one part o ^ 
cement. 

The Portland cement shall be an imported cement, eqnaT 
in quality to O. F. Alsen & Sons' best quality, natural cenien' 
shall be equal to the best grades of Louisville cement. A~ 
least SS per cent, shall pass through a sieve of 550 meshes peK 
square inch. Each carload shall be treated as a separate lol^ 
Samples shall be mixed separately and formed into briquettes 
which shall be kept one day in air and si)i days in water ani~ 
then broken. When broken they shall have an average tensili= 
strength of at least eighty pounds per square inch and a mini— ^ 
mum of at least seventy pounds. None of the briquettes sbal^F 
crack or blow while in water. The tests shall be made in the 
manner usual on works undercharge of the same chief engineer - 

When the masonry is laid up in freezing weather the back- 
ing shall be laid in Portland cement, three parts of sand and 
one part of cement, and such other precautions taken againsr 
freezing as the engineer may direct. 

The joints of the face atones shall be picked out and 
pointed in mild weather with one part of sand and one part of 
Portland cement which sbnll be driven in with a calking iron. 

The masonry of the pivot pier will be built hollow, the 
central opening to be of cylindrical shape and 24 feet in diani* 
ter, the interior face of the masonry to be rough and every 
lourih stone to project at least one foot from the general 
interior surface. This central space shall be filled with con- 

The upper three feet of the filling of the pivot pier shall 
be made of Portland cement concrcle, the center of the pier to 
finish six inches above the masonry coping, the top to be fin- 
ished with a granitoid surface two inches thick. The anchor 
bolts to secure the center casting of the lurntable shall be set 
before the concrete is completed, and the concrete filled around 
it. G. S. M. 



SPEOIFIOATIONS FOR STREET 
AND MATERIALS. 

x33. Specifications for Pavlngr Brick. The esscn- 

tial properties of a good paving brick are: (a) Strength to 
resist cross breaking; (i) strength to resist crushing ; (c) tough- 
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ness or strength to resist shocks and blows ; (i/) it must he 
comparatively non-absorbent. Any brick which possesses these 
qaalities in a high degree will also resist abrasion or wear sat- 
isfactorily. 

The above four qualities can he determined very accurately 
by laboratory tests. The author his had a large experience in 
testing paving brick for these qualities, acid offers the following 
specification as one which can be readily fuMilled, without lim- 
iting the competition overmuch, and, therefore, without adding 
appreciably to the cost. 

Paving Brick. 

Bidders must submit not less thnn 20 samples of the brick 
which they propose to use upon the work, at least ten days pre- 
vious to the letting of the contract. Ten of these brick will be 
subtnitted to the following tests at the expense of the bidder, 
the remaining ten supplied by the successful bidder will be 
rctaiioed as samples for comparison until the work is completed. 
The brick shall be what is known as paving brick, made 
from a suitable quality of shale, and burned to a uniform con- 
consistency throughout, but not to the degree of actual vitrifac- 
tion." The tests to which the brick shall be subjected are as 
follows : 

(a) Cross breaking. Five brick will have their top and 
bottom faces, as laid edgewise upon the sti'eet, ground to per- 
tecdy tnie and parallel planes. They shall then be supported 
edgewise on rounded knife-edges seven inches apart, and loaded 
in the center to rupture. The total breaking load in this test, 
divided by the thickness of the brick (top width as laid in pave- 
ment) shall give a result of not less than 3000 pounds, this 
being the strength of the brick per inch in width when laid in 
the pavement. t 

*)lcK might follow U17 dcalred deietlpilan ol ibcaiu. dimcmions, rounding ol 
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(^) Crushing. One end of each brick, after ha^'fnjf' 
been broken as above, shall then be tested in crushtng. For 
this purpose it shall be dressed approsimately to two iachci 
square and a height equal to the width of the brick, which ia 
appioximntelj- four inches. This makes a crushing specimen 
two inches square, of four inches cross-section, and nearly four 
inches high, which is tested with the load parallel to the longer 
longer dimension, these top and bottom surfaces having been 
ground to true planes as described above. In other words, the 
brick is tested for crushing by applying the load edgewise upon 
the brick, or as it will be applied in the pavement. When 
tested in ihis manner the brick shall show a crushing strength 
of not less than i2,ooo pounds per square inch.* 

(c) Impact Test. For this test five entire bricks of each 
sample shall be placed in a (umbler or rattler, along with ten 
cast iron brick with rounded edges, weighing six pounds each. 
These materials shall not be accompanied by any kind of cush- 
ioning material or any other matter whatever. The rattler shall 
then be revolveil for thirty minutes at a speed of thirty revolu- 
tions per minute. The bricks are weighed before they are put 
in and after they have been removed, and the loss in weight 
found. This last divided by the original weight gives the per- 
centage of loss. The average percentage of loss of the five 
brick shall not exceed twenty per cent.f 

(rf) Absorption. The five brick which have been tested 
for resistance to impact shall be broken across and then dried 
for four hours at a temperature of not less than 2i3 ° F, and 
then weighed. They shall then be soaked in water for twenty- 
four hours (or forty-eight hours) aud when removed from the 
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'*aierthcy shill be wiped dry with a towel, and again weighed. 
The increase in weight divided by the original or dry weight 
S^^'Cs the perceiitoge of water absorbed. This test shall indi- 
c«ite an absorption of less than two per cent, (or three per 
■cent" 

Average Resulls. It is to be understood that in each of 
tbe tests described above the standard of requirement is to be 
Applied to the average result fiom five specimens, these aver- 
age-i being within (he requirements. It is also to be understood 
that no one specimen shall fall without the requirement by more 
than 40 per cent., and in case either the average does not come 
Mp to the requirement, or any one test fails of the requirement, 
bv more than 40 per cent., the entire snmple of twenty brick 
ihall be rejected and not allowed to enter the competition; or 
Ih^ bidder will be allowed to submit other twenty samples at 
his option. 

The average result of ihe four tests made on each s.imple 
will be indicated by the sum of four characteristic numbers, cor- 
Ksponding to their -respective tests, these four characteristic 
tinnibers being derived as follows: 

I. The characteristic number for the cross breaking lest 
*hn!l be Ihc cross breaking strength in pounds per inch in width 
divided by 1.000. 

I. The diarncteristic number for the crushing test, shall 
he the crushing strength in pounds per square inch divided by 
4,000. 

3. The characteristic number for the impact test shall be 
twenty-five minus the percentage of loss of weight sustained in 
this lest. 

4. The characteristic number for the absorption test shall 
^e three minus t!ic percentage of absorption, 

In case the characteristic numbers found for the impnctand 
■itsorptlon tests prove to be negative, they are to be subtracted 
''"ID the Slim of the other characteristic numbers, or .idded to 
'™"n negatively. In other words the algebrnii: sum of these 
■'T characteristic numbers shall form the basis for determining 
*Wch brick has sustained the best test. 

Tbos, if the average cross breaking strength were 3,500 
i^lndsper inch in width, its characteristic number would be 
^■5** If the Kveragc crushing strength were 15,000 pounds 

^_*_^VH|, Uie reit (or ibsorpHon t< noi very impon.nt, .ndwhiie Ihomuimum limii 
dtftnail, Ihc preecnti)^ el abiorpilan doei ladicuc lamcihing ol the gene 
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per square incli, its characteristic number would be 3.75. If 
the average loss in weight in the impact test was 18,25 P^*" 
cent, the characteristic number of this test would be 6.75. If 
the average percentage of absorption was 1.50, th" character- 
istic number for this test would be 1.50", the sum of these 
characteristic numbers being 15-50. This becomee the total 
characteristic number, indicating the average value of this 

\ Bample of brick. The sample giving the hif;hest total charac- 

I teristic number as determined by the above rules, to be declared 

Pthe brick which sustained the best test. 

While the particular numerical quantities chosen in the 
rules given above may not be the best to use, the writer believes 
these rules fairly represent the proper method to be employed 

I in arriving at the best average tests. 

134. Specifications for Brick Paving. The specili- 
Icalions in this and the following articles for vorious kinds of 
[wearing surfaces of street pavements are taken from the stand- 
|«rd specifications used in the city of St. Louis. lu these 
Lipecili cations all the general clauses and also all detailed 
Vdescnplion of the grading, curb, gutter, and foundation will he 
lomittcd, since it is the intention to include in them only that 
Iportion of the specificjttion describing the wearing surface. 

In this specification for brick pavement, after describing 
K^the curbing, preparation of the roadbed, which involves « 
VtbOTOiigh rolling with a steel roller, weighing not less than ten 
Ttons, or three hundred pouuds per lineal inch of roller; also 
I the concrete foundation of six inches in depth, the following 
L |p«cilicalion is given for 

WBARING SURPACB. 

Vpoa the foundation of concrete shall be laid a bed of 

sharp sand free from lonm or vegetable matter one and 

ilf (t^i) inches in thickness when compacted to serve as 

) for the bricks, which will be laid directly upon and 

Ided in it, with close end and side joints. Upon tliis base 

CRtcnt of the best quality of vitrified paving brick 

The brick shall not Ue less than seven and one 
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kudt inches. 



e (hat 



inches long, not lcs4 lliai 



111 one eighth inches, nor mnre thun two and one hol£ 
Hit hfE wide, not less than three nnd one half inches, nor more 
thaiifour and one fourth inches deep. All paving brick must 
le iiomogeiicous nnd compact in structure, free from loose 
Iiimpiof unerushcd clay or from laminations caiiseii by the 
process o( manufacture or fire cracks or checks of more than 
hupc;licial chftraeter or extent. All brick so distorted in burn- 
ingasio lay unevenly in the pavement shall be rejected. All 
btitk shall be free from lime or mugncsia in the form of peb- 
biet and shall shoA* no signs of cracking or spalling on 
temsining in water ninety-six (96) hours. 

The brick shall have a specific gravity of not less than 2, 
They ihul! not absorb more than 3 per cent, of water when 
ilficd at 21 J degrees Fahrenheit, and immersed for twenty-four 
liours to water- 
Tile bidders shall submit twenty-five samples of the brick 
ility propose using. A portion of these bricks shall be sub- 
jertcd tit such physical tests as the board of public iniprove- 
mcats shnU deem necessary, * and theremaindershallbe retained 
•Miiitipics of the material to be furnished and used. Any brick 
Vthkh dues not stand the tests satisfactorily will be rejected, and 
no hid contemplating the use of the rejected brick shall be 
Mtert.iincJi Samples may be submitted by manufacturers, in 
which case the bidder proposing to use brick of such manufac- 
lan: will not be required to submit samples. The quality of 
llie brick furnished must conform to the samples presented by 
ihemwnuf.icturers and kept in the office of the street commis- 
lioncr. 

All brick may have a proper shrinkage but shall not differ 
"•iiletially in size from the accepted samples of the same make, 
"Of ihall ihey differ greatly in color from the natural color of 
tetvelt burned brick of its class and manufacture. 

No bats or broken brick shall be used except at the curbs 
wlere nolliiug less than a half brick shall be used to break 
JOitib. The bricks to be laid in straight lines and all joints 
.ttken by a lap of at least two inches, to be set upon ^he sand 
*" « perfectly upright manner as closely and compactly together 
** possible, and at right angles with the line of the curb, except 
'* Mreet intersections where they are to be laid as the street 
^^ttmiissioner may direct. 

The pavement to be thoroughly rammed two or three 
"**»«, a« may be directed by the street c ' ' 
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All the joints in the pavement ebnll be completely filled 
with clean coarse river sand, and an additional layer of sand 
not less than one inch in depth shall be spread uniformly over 
the whole surface of the pavement. The joints may be filled with 
hot pitch or asphaltum, with some sand or gravel at bottom, or 
with cement grout, this latter being now(iS95)recommended in 
order to prevent the brick from chipping on the cd'^cs. On steep 
grades, however, this would give too smooth a surface. St. L. 

Following the above specification is a "maintenanL-e 
clause," similar to that given in the following article, provid- 
ing for the maintenance of the pavement in gooil repair for a 
period of nine years. The contract price provided also for an 
annual sum to be paid for maintenance, and the bond given by 
the contractor covered the maintenance, as well as the original 
construction. 

The tests to which the briclc are submitted under this 
specification are the same as those given in Art. 133. 

135. Specification for Asphaltum Payement. 
After describing the preparation of the roadbed, curbing, 
concrete foundation, having a depth of five inches, etc., the 
following specifications of the asphaltum body and wearing 
nployed. 



surface a 



The second or binder course will consist of a fine bitumin- 
ous concrete composed of clean broken stone, slag or gravel, 
not exceeding one and one half {I'/i) inches in their largest 
dimensions, thoroughly screened, and asphaltic cement made 
from lake asphalt, as below described. The stone, slag or 
gravel, will be heated by passing through revolving heaters 
and thoroughly mixed by machinery with the asphaltic cement 
in the proportion of not less than fifteen gallons of the asphaltic 
cement to one (1) cubic yard of stone, stag or gravel. The 
mixture will be so made that the resulting binder has life and 
gloss without an excess of cement. Should it appear dull from 
over heating or lack of cement it will be rejected. This binder 
will be hauled to the work and spread on the base with hot 
iron ralees, and immediately rammed and rolled with hand and 
steam rollers while in a hot and plastic condition, until it bus a 
thickness of one and one half (ij4) inches. The upper 
surface will be made exactly parallel with surface of the pkvc- 
Kient to be laid. 

WEAmNG SURFACE. 

Upon this binder course thus prepared shall be laid m 
wearing surface or pavement proper, the basis of which shall 
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be composed of lake asphalt unmixed with tiny of the pro- 
duets of coal tar, of a nature and quality proved to he dura^ile 
aod proper by having been in successful use in roadway pavc- 
menta in one or more cities of the United States for a period of 
atlcast two ^ea^s and in an amount greater (ban five thousand 
•qujire yards in each of said cities. 
"" " The wearing surface shall be composed of — 
' Refined lake asphaltum. 

Heavy petroleum oil. 



Cle: 



I shai 



rps 



' 4lh. Fine powder of carbonate of lime. 

Retined asphalt shall be smooth and free from lumps of 
unmelled pitch or organic matter not bituminous. It shall not 
stanv time reach a temperature over 375 degrees Fahrenheit. 
The asphaltic cement shall be prepared from such refined 
asphnlt as may be approved by the street commissioner, and 
iniiablu heavy petroleum oil or other approved solvent. 

The heavy petroleum oil, which may be the residiim by 
distillation of the pelrolejim oils as found in the market, 
generally contains water, light oils, coke, and a gummy sub- 
stance soluble in water. This petroleum oil is freed from all 
impurities and brought to a specific gravity of from iS degrees 
to II degrees Bcaume, and a fire test of 350 degrees Fahrenheit. 

To the melted asphalt, at a temperature of not over 325 
degrees Fahrenheit, the oil, after having been heated to at 
teati 150 degrees Fahrenheit, is to be added in suitable propor- 
dont to produce an asphalt cement. To accomplish this, from 
15 to II pounds of oil per 100 of refined asphalt will be 
required. As soon as the oil has begun to be added, suitable 
agitation, be means of an air blast or other acceptable appli- 
uices, will commence and be continued till a homogeneous 
ceincDt is produced. The appliances for agitation shall be 
*ucb as to accomplish this in at least ten hours, during which 
the temperature shall be kept at from igo degi-ees to 325 
Fahrenheit, and no higher. If the cement then appears homo- 
Seaeoas and free from lumps and from inequalities, as shown 
b^ lamp I es from different parts of ihe still, it may be used. 
Sboiild it not prove homogenous, such deficiencies as may 
Kirt shall be corrected by the addition of hot oil or melted 
uphalt, in the necessary proportion. 

They shall be mixed in tlie following proportions by 
weight: 



The asphaltic cement being made in the manner above 
Inscribed, the pavement mixture shall be formed of the fotiow- 
iag malerials, and in proportion stated: 
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Aspbaltio cement from 13 to IS 

Sand., - *' 83 ■' 70 

Palverized oarbouate of lime " 5 " IS 

lUO 100 

Limestone dust shall he an impalpable powder of carbonate 
of lime, the whole of which will pass a 30-mesh screen, and ot 
least 75 per cent, pass a loo-mesh screen. 

The sand and asphallic cement are heated separately to 
about three hundred degrees Fahrenheit. The pulverized 
carbonate of lime, while cold, is mixed with the hot sand in 
the required proportions, and is then mixed with the asphaltic 
cement at the required temperature, and in the proper propor- 
tion, is a suitable apparatus, which will effect a perfect 
mixture. 

The pavement mixture, prepared in the manner thus 
indicated, shall be laid on the foundation. It shall then be 
carefully spread, by means ol hot iron rakes, in such manner 
as to give a uniform and regular grade, and to such depth that 
after having received its ultimate compression, it shall have a 
thiclcness of two inches. The surface shall then be compressed 
by rollers; after which a small amount of hydraulic cement 
shall be swept over it, and it shall then be thoroughly cona- 
preased by a steam roller, weighing not less than ten (10) tons, 
in order to get a thoroughly compressed wearing surface, the 
rolling being continued as long as it makes an impression on 
the surface. 

The powered carbonate of lime shall be of such degree of 
fineness that 5 to 15 per centum by weight of the entire mix- 
ture for the pavement shall be an impalpable powder of lime- 
stone, and the whole of it shall pass a No. 26 screen. The 
sand shall be of such size that none of it shall pass a No. So 
screen, and the whole of it pass a No. 10 screen. 

In order to make the gutters, which are consolidated but 
little by traffic, entirely impervious to water, a width of twelve 
inches next the curb shall be coated witli hot pure asphalt and 
smooth with hot smoothing irons, in order to saturate the pave- 
ment to a certain depth with an excess of asphalt. 

TOOLS AND SAMPLES OF MATERIALS. 

The contractor shall furnish and have on the line of work 
at all times, a complete and sufhcient plant of tools, rollers, 
carts, etc., as may be determined by the street commissioner, 
to carry on the work in an expeditious and workmanlike 
manner, also furnish samples of the crude lake asphalt to be 
used in the work, properly labeled, also samples of the Areariiig 
surfaces as prepared for use, and the statement of the amount 
of each material used in making up the pavement mii^tures. 
when called for by the street commissioner. 
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In order that the B6ph:>U maybe fully tested, each bidder 
muit deposit with the stieet commissioner, at least three days 
before making his bid, samples ot materials he intends to use, 
together with certificates and statements as follows: 

[St. A specimen of the crude nsphaltum not less thaa 
^"'(5) pounds in weight with a certificate stating the place 
(rooiwheuce the asphaltum was taktn. 

3d. A specimen of the asphaltic cement not less than 
Eve (j) pounds in weight with a statement of its composition, 
and also a statement of the composition of the proposed wear- 
ing Surface. 

jd, A sample of the pavement surface showing the 
-Ajplmlt after two years' actual use in a street, said sample be 
not lesi than one foot square and to be accompanied by a cer- 
Itficite from the proper city official showing the time during 
which said pavement h.is been in use on the street on which it 
wulaid, and the certificate shall further show that (he pave- 
incitt from .which the sample is taken, or similar pavement, has 
been in successful use on one or more roadways in said city for 
■ period longer than two years, and in an amount greater than 
five thousand (5000) square yards. 

4th. A statement of the location and the capacity in 
»quare yards per day of the works or factory where the paving 
nwierial is to be prepared. 

Specimens must be furnished to the street department as 
often as tday be required during the progress of the work. 

MAINTENANCE, 

The said , party of the iirst part, expressly gtiar- 

aaleei to maintain at grade and surface in good order the 
aforesaid work of reconstruction throughout and at the end of 
flie foil period of nine years, commencing one year after the 
Bid work of reconstruction is completed and accepted, and 
bEodi himselt, his heirs and assigns to make all repairs which 
Biiy from any imperfection in said work or materials or from 
any rotting, crumbling or disintegration of the materials, 
ttcome necessary within that time; and the party of the first 
part shall, whenever notified by the street commissioner that 
lepairt are required, at once make such repairs at his own 
'ifWDSe, and if they are not made within the proper time, the 
*tr«l commissioner shall have power to cause such repairs to 
he mide, and the cost thereof shall be paid out of the fund 
provided for the payment of contracts for street maintenance, 
nd the amount shall he deducted from any money then due 
under the contract, or which may thereafter become due. At 
the end of tlie nine-year period the street commissioner must 
determine whether or not the street is in good order at grade 
*nd iurfnce, and the principal and his sureties under this con- 
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tract shall not he discharged from liahility on their matntena«iee 
honil hLTi^iiiider until the street commissioner shall so delettn ine 
and certify thereto in writing to the principal under this c<3n- 
tract. And it is further expressly agreed, that i( at any tine 
during the term for which the contract for the maintenunce of 
the above street is in force, the pavement of said street, or amy 
part thereof, has detcriotated to such an extent as to require, 
in the opinion of the iionrd of public improvements, recon&iruc- 
tion, the street commissioner shall, with the approval of tht 
board of public impiovemeiits and of the mayor, notify tJie 
contractor that reconstruction is necessary, mid the contractor 
shall, within three months after receiving such notice, recon- 
struct the whole or such part of the pavement with tjic 8l»nM 
kind of material ns heretofore applied, or with some other 
materia! approved by the board of public improvements. And 
if the contractor fa'ils to reconstruct the street within three 
months after having been notified, the board of public 
improvements may, with the approval of the mayor,, cancel the 
contract and relet the work of reconstructing ihc pavement, 
and that the cost of such reconstruction shall be paid by ths 
city and the amount collected by suit from the contractor or bis 
sureties, not to exceed fifteen dollars per square of pavement, 
included in the contract. 

And it is further agreed that whenever any repairs of *''* 
street are made necessary from the construction of sewer«. *^' 
laying of pipes or telegraph wires, or from any other disl**'''" 
ance of the pavement by parties acting under permits issne3 "f 
the city, the contractor shall, on notification from ihc street cOtn- 
missioiier, immediately make all necessary repairs in confon'**'*)' 
with the specifications for this class of work. The cost of "jj 
Buch repairs, exclusive of trcnchingand back filling, which S»"" 
be done by the parties who hold the permits, and in the sa«''J'J 
manner as now required by existing ordinances, slinll be £»"" 
for at the full contract price for .-i superficial square of k^** 
pavement out of the fund set apart for the payment of ^*^ 
tracts for the maintenance of streets, and the amount shal* "^ 
certified by the street commissioner to the auditor, who '^*T: 
reimburse, by tnmsfer, the aforesaid fund from the funds oi ** 
proper department, if the repairs were made necessary bv "y 
construction of any public improvement; and out ot the lu*^"' 
to be deposited by persons obtaining permits for opcnS "S 
streets before such permits are granted, if the repairs are "1^*^ 
necessary by work done under such permits. And it is agr^ 
that the contractor shall have the right lo make all tcp» *!* 
which become necessiiry by the construction of any pub^^^* 
improvement or work done by private parlies under psnR^Bp 
given by the city. Sl 1^^^^| 
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136. Specification for Asphalt Pavement. The 

following specification for asphiilt pavement was prepared in 
1S9J for the Department of Public Parks, of New York City, 
(aiiii incorporated by Mr, A. P. Boiler) for such a pavement 
upon the new Harlem river bridge at 155th st., New York. 
I[ probably embodies the latest and most approved methods of 
milking such a pavement, ant! so far as it is applicable to ordi- 
iiiirj' street pavements, it might be followed with advantage. 

The sub-surface must then be brought to a. uniform grade 
kdJ cro»s-section not to exceed a crown of three inches in width 
of roadway by filling all depressions with a fine bituminous 
conaele or binder, to be composed of clean, broken stone not 
exceeding one inch in their largest dimensions, thoroughly 
tcrcEned, and coal tar residuum, commonly known as No. 4 
paving composition. 

If required by the department of public parks, clean, sharp 
land may replace n portion of the broken stone. 

The stone or stone and sand must be heated by passing 
through revolving heaters, and thoroughly mixed by machinery 
with the paving composition in the proportion of one (i) gal- 
Im of paving composition to one (i) cubic foot of stone. 

This binder must be hauled to the work and spread 
I'lilh hot iron rakes in all holes or inequalities and depressions 
^|;low the true grade of the pavement, to such thickness that 
after being thoroughly compacted by tamping and hand rolling 
ihc euiface shall have a uniform grade and cross-section, and 
ilie thickness of the binder at any point shall be not less than 
Ihiee quarters of an inch. 

The upper surface shall be exactly parallel with the surface 
of the pavement to be laid. 

L'pon this foundation must be laid the wearing surface or 
pn-in^ proper, the basis of which or paving cement must be 
pure .isphaitum, unmixed with any of the products of coal tar. 

The wearing surface must be composed of: — 

1. Ifefined asphaltum. 

2. Heavy petroleum oil. 

3. Fine sand, containing not more than one per centum 
of hydro-silicate of alumina. 

4. Fine powder of carbonate of lime. 

The asphaltum must be specially refined and brought to a 
uniform standard of purity and gravity of a quality to be 
•pproved by the engineer. 

The heavy petroleum oil must be freed from all impuriliei 
«id brought to a specific gravity of from eighteen to twenty 



4 



ift 



two degrees Bcntime, and a fiie lest of two hundred nnd ftP^ 
degrees Fahrenheit. 

From these two hydro-carbons shall be manufactured ^»^ 
asphailic cement which shiiU have a fire test ot two hiindrr ^ 
and fifty degrees Fahrenheit, nnd at a temperature of mtr ^ 
degrees Fahrenheit shall have a specific giavity of 1.19, sai *' 
cement to be composed of one hundred purls ol pure aspbZ 
and from fifteen to twenty parts of heavy petroleum oil. 

The asphaltic cement being made in the rannner nbov « 
described, the pavement mixlure will be formed of the follow - 
ing materials, and in the proportions stated: 

Asphaltic cement . from IS t*l S 

Sand troiu83(ora 

Pulverized oarbonate of lime froni G Ui I S 

The sand and asphaltic cement are to be heated separatcl ^' 
to about three hundred degrees Fahrenheit. The pulvcrirc «J 
carbonate of lime, while cold, shall be mixed with (he hot (an «} 
in the required proportions, and then mixed with the aspha!t»<; 
cement at the required temperature, and in ihe proper propor- 
tion, in a suitable apparatus, which will effect a perfect mixture. 

The pavement mixture prepared in the manner thus indi- 
cated must be btought to the ground in caita at a (cmperaturc 
of about two hundred and fifty degrees Fnhrenheit, nnd if «'« 
temperature of the air is less than hfty degrees, iron carta, with 
healing apparatus, must be used in order to mainlniii the prop*^ 
temperature of the mixture; it shall then be cnrefiilly spread 
by means of hot iron rakes, in such manner as to give a uni- 
form and regular grade, and to such depth that after bavinS 
received its ultimate compression, it will ijave a thickness <>' 
two inches at crown of roadway, tapering off, if required^ *" 
about one inch at gutters. The surface shall then be cO*^' 
pressed by hand rollers, after which a small amount *" 
hydraulic cement shall be swept over it, and it shall then "" 
thoroughly compressed by a steam roller weighing not loss (I'^" 
two hundred and fifty pounds to the inch run: the rolliu) " '■"' 
continued for not less than five hours for every one thi 
yards of surface. 

The powdered carbon.ite of lime must be of such degrc^ *' 
fineness that five to fifteen per centum by weight of the Btit*'* 
mixture for the pavement shall be ol an impalpable powder^ *' 
limestone, and the whole of it shall pass a No. 26 screen, '^'i" 
sand must be of such size that none of it shall pass a No* 
screen, and the whole of it must pass a No. 10 screen. 

In order to make the gutlers, whith are consolidated t'"* 
little by traffic, entirely impervious to water, a width of tw<?'*'5 
inches next the curb must be coated with hot, pure aBpb*_^ 
and smoothed with hot smoothing irons In 
pavement to a cerlniu depth wilh an exi " 
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II rock :ispha]t be used, it must be nitlural bituminous 
limeslone rock : ( i) from the Siciliiiii mines at Ragusa, equal 
in quality and composition to that mined by the United Liin- 
iner and Ver Wohle Rock Asphalte Company, Limited ; (2) 
from the Svvi's mines at Val de Tnivers, equal in quality and 
composition to thai mined by the Neuchatel Rock and Asphalte 
Company, Limited, or (3) from the French mines at Seyssel, 
cquitl ill quality and composition to tliat mined by the Com- 
piignic Generate des Asphaltes de France, and it shall be pre- 
pared and laid as follows: 

(i) The lumps of rock shall be finely crushed and pul- 
verised, the powder shall then be passed through a fine sieve, 
NotliinR whatever shall be added to or taken from the powder 
obliiined by grinding tlie bituminous rock. The ;)ov^de^ shall 
contain from nine to twelve per cent, natural bitumen, eighty 
eight lo ninety one per cent, pure carbonate of lime, and must 
be free from quartz, sulphates, iron pyrites, or aluminum. (2) 
Thig powder thall be heated in a suitable apparatus to two 
hundred or two hundred and fifty degrees Fahrenheit, and 
Tost be brought to the ground at such temperature in carta 
iHide for the purpose, and then carefully spread on the foun- 
<lotion previously prepared, to such depth that, after having 
received its ultimate compression, it will have a thickness of 
two inches. (3) It shall be skillfully compressed by heated 
rammers and rolled until it shall have the required thickness 
of two inches. (4) The surface to be rendered perfectly even 
by heated smoothers, and to be rolled with a steam roller 
weigbing not less_than two hundred and fifty pounds to the 
>nch run, the rolling to continue for not less than five hours for 
wchone thousand yards of surface. A. P. B, 

for Granite Pavement. Thefol- 
lite pavement is that used in the city 
granite paving is concerned. These 
n a concrete foundation six inches 
a carefully prepared surface which 
with a heavy roller. The concrete 
one part, sand two parts, and broken 
is spread a sand cushion two inches 
which the granite blocks are laid. 

•-. The blocks must consist of a hard 
and texture, without lamination or 
excess of mica or feldspar. Neither 

ill take a smooth polish under traffic, 



137. Specification 

lowing specification for grs 
of Milwaukee so far as the 
pinite blocks are laid up( 
ihick, and this latter upon 
iiMbeen thoroughly rolled 
« made of natural cement > 
'tone five parts. On this 
itiick when compacted, on 

Graitile Block Pavin 
grwite uniform in grain 
tDatilication and free fron 
bard busallic stone that v 
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nor soft or weather worn stones nor syenite will be accepted. 
The blocks must by rectangular in form, of not less than three 
(3) nor more than four and one half (4 J^) inches in thick- 
ness, nor less than six (6) or more than seven (7) inches in 
depth, nor less ihan eiEht (S) or more than twelve (12) inches in 
length, iind so split and dressed with fairiind true surfaces on top. 
bottom iind ends so that when laid close to^flher the end ioints 
will fit close together, and the side joints will not exceed three 
fourth's (%) inch in width. The Mocks will be imbedded in 
the sand bed and laid at right angles to the line of the street, 
except at street and alley intersections, where the same wilt be 
laid nt an angle of about 45 degrees with the line of the street. 
The stone will be laid close together with the top surface 
smoothly conforming lo the crown of the street. Each course 
is to be of uniform width, with each longitudinal joint broken 
by a lap of not less than two inthes. The blocks are to be 
inimedialely covered with sullicient, clean, fine, hot, screened 
gravel to fill the joints, to not more than 3 J^ inches from the 
top after which the blocks will be lamped with a heavy paver's 
ram to a firm, unyielding and uniform smooth surface. The 
joints will then be tilled fiush with top of pavement with a hot 
paving cement obtained by direct distillation of coal tar, tinme> 
Hiately after which liue, dry, hot gravel will be run into the 
joints. Not less than three (3) gallons of paving cement sha I 
be used to each square pard of pavement." M. 

138. 'Specification for Gr£imtoid Sidewalks. Side- 
walks made after the follo.ving specifications are now exclusively 
used in St. Louis, and have been in use in that city for many 
years. Where granite can be obtained at a reasonable price, it 
is thought this composition is more durable and satisfactory for 
sidewalks than any other material or mixture which has ever 
been used. The making of these sidewalks has grown to be a 
very large industry in St. Louis and the price has been gradu- 
ally reduced because of the great amount of this kind of work 
done, qntil in 1895, the total cost of removing old pavement, 
regrading, laying the foundation and pavement as here described 
in the most approved manner, and strictly in accordance with 
this specification is from eighteen lo twenty cents per square 
foot for the "ordinary single flagging." 

•TUi* ireaiinciii ol ibs joinii i> opccliJIj •■iLfumiy,— Author. 
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The Eidewalks shall be of three separate and distinct ihick- 
ness anil kinds, and shall be classified as follows: "Ordinary 
Single FLAGGi>fG," "Extra Doubi,e Thick Flagging," and 
"Drivkwav OR ENTRANcrK Flagging," and shall be laid in 
the different localities within the above described limits at the 
diuretion o£ the street commiseioner, who shall determine which 
ot the above named kinds shall be laid. 

Preparation of Bed. The sidewalks shall be excavated 
and shaped to the proper depth and grade as directed by the 
Mteet commissioner, and all the refuse material therefrom shall 
belong to the contractor and shall be promptly removed from 
the line of work. 

Ordinary Single Flagging. After the shaping is done a 
foundation of cinders uot less than eight (S) inches thick shall 
hcplaccd upon the subgrade, which shall be well consolidated 
b_v ramming to an even surface, and which shall be moistened 
just before the concrete is placed thereon. 

Aflcr the sub- foundation has been finished the artificial 
etone flogging shall be laid in a good workmanlike maimer. 

The same to consist of two parts: ist. A bottom course 
to be three and one half (3j^)inches in depth, zd. Afinish- 
ing or wearing course, to be one h.ilf {_%) inch in depth. 

The bottom course shall be composed of crushed granite 
>nd the best Portland cement, equal to the Dyckerhoff brand, 
nod capable of withstanding a tensile strain of 400 pounds to 
the square inch after having been three hours in air and seven 
days in water, and shall be mixed in the proportion of one p;irt 
cement to three parts of crushed granite. 

The crushed granite shall consist of irregular, shnrp-edged 
pieces, ao broken that each piece will pass through a three 
fDUTtbs (-J^) of an inch ring in alt its diameters, and which 
ttiall be entirely free from dust or dirt. 

The crushed granite and the cement in the above mentioned 
proportions shaU first be mixed dry, then sufficient clean water 
ihall be slowly added by sprinkling, while the material is con- 
tUutly and carefully stirred and worked up, and said stirring 
sad mixing shall be continued until the whole is thoroughly 
mixed. 

This mass shall be spread upon the sub-foundation and 
(hall he rammed until all the interstices are thoroughly filled 
with cement. 

Particular care must be taken that the bottom course is well 
nmmed and consolidated along the outer edges. 

After the bottom course is completed, the finishing or 
wearing course shall be added. This course to consist of a 
Hiff mortar composed of equal parts' of Portland cement and 
the (harp screenings of the crushed granite, free from loamy or 
tJrtliy substances, and to be laid lo a depth of one half (J4) 
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of an inch and to be carefully smoothed to an even surfac«, 
which, after the first setting takes place, must not be disturbed 
hy additional rubbing. 

When tile pavement is completed it must be covered for 
three dajs and be kept moist by sprinkling. 

Extra Double Thick Flagging, After the grading and 
slipping is done, a foundation of cinders not less than six (6) 
inches thick ahail be placed upon the subgrade, which shall be 
well consolidated by ramming to an even surface and which 
shall be moistened jiist before the concrete is placed thereon. 
After the sub-foundation has been finished the artificial stone 
flagging shall be laid in a good, workmanlike manner. 

The same to consist of two parts: ist. A bottom course 
to be five (5) inches in depth. 2d. A finishing or wearing courie 
to be one (i) inch in depth. 

The bottom course shall be composed of crushed granite 
and the best Portland cement equal to the Dyckerhoff brand, and 
capable of withstanding a tensile strain of 400 pounds to the 
square inch after having been three hours in air and seven days 
in water, and shall be mixed in the proportion of one part of 
cement to three parts of crushed granite. 

The crushed granite shall consist of irregular, sharp-edged 
pieces, so broken that each piece will pass through a three 
fourths (J:f) of an inch ring in all its diameters, and which 
shall be entirely free from dust or dirt. 

The crushed granite and the cement in the above mentioned 
proportions shall first be mixed dry, then sufficient clean water 
shall be slowly added by sprinkling, while the material is con- 
stantly and carefully stirred and worked up, and said stirring 
and mixing shall be continued until the whole is thoroughly 
mixed. 

This mass shall be spread upon the sub-foimdation and shall 
be rammed until all the interstices are thoroughly tilled with 
cement. 

Particular care must be taken that the bottom course is well 
rammed and consolidated along the outer edges. 

After the bottom course is completed the finishing or wear- 
ing course shall be added. This course to consist of a stiff 
mortar composed of equal parts of Portland cement and the 
sharp screenings ot the crushed granite, free from loamy or 
earthy substances, and to be laid to a depth of one (i) inch and 
to be carefully smoothed to an even surface, which, after the 
first setting takes place, must not be disturbed by additional 
rubbing. 

When the pavement is completed it must be covered for 
three days and be kept nfbist by sprinkling. 

Driveway or Entrance Flagging. — After the grading and 
shaping is done, a foundation of crushed limestone and hydraulic 
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int mortar shnll be laid to a depth of six (6) inches on the 
subgrade. The sione used in this concrete shall be iiinken so 
as to pa^s through a two (2) inch ring in its largest dimeDStons. 
Xbc stoDC shall be cleaned from all dtisl and dirt and thoroughly 
Nwetted and tlien mixed with mortar, tlie general proportion 
bc!nw! Odc part of cement, two parts of sand, and five parts 
of stone. It ihall be laid quickly and then rammed until the 
tnoitar flushes lo the surface. No walking or driving over it 
shall be permitted when it is setting, and it shfill be allowed to 
set for at least twelve hours, and such additional length of time 
a& may be directed by the street commissioner or by his duly 
autborized agents, befoie the pavement is put down. 

After the subfoundation has been finished, the artificial 
J^oat flagging shall be laid in a good, workmanlike mnntiei. 
■HMame to consist of two parts: ist. A bottom course to 
^^^■f (5) inches in depth. 2d. A finishing or wearing course 
^^^Bpne (!) inch in depth. 

PH|mie bottom course shall be composed of crushed granite 
'■tttftbe best Portland cement, equal to the Dyckerhoff brand, 
and capable of withstanding a tensile strain of 400 pounds to 
the square inch after having been three hours in air and seven 
^^^«jn wurer, »nd shall be mixed in the proportion of one part 
^^^bt and three parts of crushed granite. 

^^^^Khe crushed granite shall consist of irregular, sharp-edged 
^^^H, so broken that each piece will p.iss through a three 
^^^Hm (^) of an inch ring in all its diameters, and which shall 
^^^^prely free from dust or dirt. 

^^^pthe crushed granite and the cement in the above men- 
l^^^l proportions shall first be mixed dry, then sufiicient clean 
rjB^sha)! be slowly added by sprinkling, while the material 
's consl.intly are carefully stirred and worked up, and said stir- 
ring and mixing shall be continued until the whole is thorough- 
ly mixed. 

This mass shall be spicad upon the subfoundation and 
*ba|| be rammed until all the interstices are thoroughly filled 
■ j^iUi cement. 

■Bta^intcular care must be taken that the bottom course is 
^^^BjRnmcd and consolidated along the outer edges. 
^^^^Kfler the botlom course is completed, the finishing or 
H^Bg course shall be added. This course to consist of a 
mortnr composed of equal parts of Portland cemci>t and 
sharp screenings of the crushed granite, free from loamy or 
*^11iy subalauccs, and to be laid 10 a depth of one (1) inch 
""ti to be carefully smoothed to an even surface, which, after 
^^ Srsi setting takes place, must not be disturbed by additional 

^H When the pavement is completed, it must be covered for 
^BttiitJ's ind be kept moist by sprinkling, St. L. 
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SPEOIFIOATIONS FOR SEWERS. 

139. Specifications for Brick and Tile Sewers. 

The following specifications for brick and tile sewers are those 
used in the city of St. Louis, so far as they relate to the con- 
struction proper, except that part relating to the use of cement, 
concrete, and rubble masonry. As specifications on these sub> 
jecta are given elsewhere, they are not included here; 

Excavation. — All excavation shall be done by open cat 
from the surface, except where tunneling is shown on the pttns 
or is expressly permitted or directed by the sewer commissioner. 

Wherever ihe material is of such a nature as to allow it, 
the bottom of the excavation up lo the greatest horizontal 
diameter of the sewer shall be made with a template so as to 
conform to the exact shape of the brickwork. Ahove this line 
the cut may, in all ordinary cases, be carried to the surface at 
such H slope as the contractor may desire, but it will be calcu- 
lated with a slope of one horizontal to 

vertical, whatever may be the actual slope. Should the con- 
tractor think it best lo keep the sides of ihe excavation vertical 
by bracing or otherwise, it is expressly understood that it shall 
be done at his own cost and risk. 

Rock shall be excavated so as to conform as nearly as possi- 
ble to the lower half of the sewer, and all irregiilariliesshall be 
filled with masonry or concrete so as to make a smooth bed for 
the brick work. The amount of the excavation in rock cuts 
will be calculated with a base at the bottom of the brickwork 
equal to the greatest horizontal diameter of the sewer, and 
with side slopes of the same inclinations as in other excavations. 
All the rock taken from the excavations shall belong to the 
contractor for his own use. 

Wherever the excavation can not be adapted lo the shape 
of the brickwork, it shall be done according to such directions 
as may he given in each case. 

The sides of the excavation shall, whenever it may be 
necessary, be supported with suitable plank and shoring, but no 
allowance will be made therefor unless the same is left in by 
express orders of the sewer commissioner, when it will be 

paid for at dollars per thousand feet, board 

measure. In all other cases it_ will be drawn as the work 
progresses and not paid for by the city. 

The contractor shall, at his own cost, keep the trenches 
free from water during the progress of the work- Excavated 
material must be so placed as not to interfere with travel on 
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V the street or lo incommode occupanls of adjoining properly. 
Trenches shall not be opened more than joo feet in advance of 
the laying of die sewer. 

ifaci FUlitig.—Q&ck fillmg shall follow close after the 
I constructioti of the sewer, and in no case be more than loo feel 
I in the rear. 

The filling of the earth around and on top of the sewers 
shall be done with the utmost care, and in a manner to obtain 
the greatest compactness and solidity possible. For that pur- 
pOK ihe earth shall be laid and rammed in regular layers not 
more than nine inches thick up to the snrface of the street, or 
thoroughly soaked with water, as may be directed by the seiver 
comniiggioner.* The macadamizing, if any has been removed. 
(hill be carefully replaced on the top of the said filling; an<l 
whea paving has been removed it shall be replaced in the same 
nunner as when originally constructed, and the street or alley 
Itft in as goad condition as it was before. If any new mater- 
liils are needed for such repairing, they shall be of Ihe best 
(juility, and shall be furnished and put down by the contractor 
« his own cost. 

The glitter paving in front of and adjoining seiver inlets 
tiinll be taken up ancj replaced in proper shape, so as to con- 
<lucl Ihe storm water into tiie sewer inlets. 

All work of restoring the surface of the streets and alleys 
«h»ll be done to the satisfaction of the street commissioner, or 
hit duly authorized agents, immediately after the sewer is laid. 
1( not so done within five days after notice, the work may be 
done by the street commissioner, and the cost thereof shall be 
paid by the contractor; and in default of payment, the cost 
miybe retained by the city of St. Louis, out of any money that 
my be due or become due to the contractor under this contract. 
Surplus Earth. — All sui-plus earth shall be hauled away 
pnmptly to such places, within a distance of 3,000 feet, as the 
Kvier commissioner shall designate, and be spread according 
to bis directions : but if no such place is designated, the con- 
Ihdor shall dispose of such surplus at his own risk and expense. 
No surplus earth shall be deposited on private property, if 
within the limit just named, it can be used on the streets or 
llleys or other public places. But if no such uie can be found 
(or it, it mav, with the consent of the sewer commissioner, be 
deposited on private property; but all earth so deposited with- 
'>ul the consent of said commissioner, shall be measured, and 
the amount thereof deducted from the measurement of the 
cxcsvation . 

The price paid for earth and rock excavation shall cover 
tiie whole cost of excavating the trenches and refilling the same 
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with earth, restoring the etrect and hauling away the Eurplus 
materials, as well as the whole cost of pumping, bailing, plank- 
ing, and shoring, excepting such planking as may be lelt in by 
express orders as hereinbefore specified. 

Bricks. — All the bricks used shall be of uniform texture, 
hard-burned entirely through, free from lime or other impuri- 
ties, that will affect them in water, and ihall have straight edges 
and square angles. Broken bricks must not be brought on the 
ground, and such as are broken afterwards in handling shall be 
used only in making closures, or as shall be otherwise specially 
directed. 

The bricks are to be culled as they are brought on the 
ground, and all bricks of improper quality thrown out and 
removed from the ground. The culling to 'be done at the 
expense of the contractor, v\ho shall furnish the inspector with 
men for this and similar purposes, when required. 

Srick Alasonry. — In building brick mLisonry, none but 
careful and skillful bricklayers shall be employed. 

The bricks shall be clean and thoroughly wet just before 
being laid, unless otherwise specially directed. Every brick 
shall be laid with si. push joint; that is, by placing sufficient 
mortar on the bed and forcing the brick into it in such a manner 
as to thoroughly till every joint, whether on the bottom, side or 
end of the brick with mortar. The joints shall be made as 
nearly as possible of uniform thickness, not exceeding three 
eighths of an inch, and in the inside of the invert or lower arch, 
they shall not exceed one eighth of an inch. 

The bricks in each course shall be all stretchers, and to 
break joints with those in the adjoining courses. The bricks of 
the inside course shall be laid to a line and to the true cylin- 
drical or other form given for each case, The inside course 
shnll also be made of the smoothest and hardest bricks, csre- 
fully selected for this purpose. 

The upper arch shall be built on strongly made centers, 
which shall be drawn with great care, so as not to disturb the 
brickwork. The crown of rhe arch shall be properly keyed 
with stretchers, and all the joints be well filled with the mortar. 
The exterior surface of the upper arch shall be covered with ft 
coating of mortar, not less than three eighths (f^) of aa inch 
thick. 

The mortar joints on the inside of the sewer below the 
center line shall be carefully struck when laid, and those above 
be scraped smooth with the brickwork immediately after the 
centers are drawn, and the mortar scraped off and entirely 
removed from the sewer, which is to be left perfectly clean 
throughout. 

All untinished brickwork must be racked back in courses, 
except when otherwise specially directed or permitted, and 
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vriien new work is to be joined to it, ihe surfHce of the bricks 
most be cleaned and moistened. 

Openings for branch sewers shpjl be made and jiinctioa 
pieces inserted in ihe main sewers in such manner and at such 
places as may be directed. Every junction piece shall be 
doled with a cover of earthenware, or with bricks and cement. 
AH brickwork will be measured and paid for by the cubic 
jrnd of solid wall. 

TUNNELING. 

In tunnelin*, the excavation shall be made so as to coa- 
tom neatly to the regular section of the sewer, and nothing 
mtl be allowed for any excavation beyond this. All holes or 
imgularities outside of the regular section must be filled up 
solid with bricks and mortar, but no extra allowance will be 
made therefor. 

All timbers used in sustaining the excavation must be 
removed as the brickwork progresses. 

Points, by which to get the proper line of the sewer, will 
bB|iven from time to time as may be needed, and from these 
iJie contractor will be required to continue the line of the exca- 
vition at his own risk of its accuracy, and to correct at once 
wy errors of alignment that may be discovered before the 
firickwork is finished. 

In tunnels, the quantities paid for will be the earth or rock 
ocavated in the regular section of the sewer, and the brick or 
done masonry required for this section, together with any foun- 
dition work that may have been expressly ordered, and the 
imount paid for these items shall be in full for furnishing all 
materials, and finishing the sewer; the cost of sinking shafts, 
pamping water, shoring, restoring falls and all accessory works 
of every kind being borne wholly by the contractor. Those 
parts only of the sewer will be paid for as tunnels, which are 
M marked on the plans exhibited at the time of the letting; all 
ibt rest will be paid for as open cut, regardless of the manner 
in which the work is actually done. 

PIPE SKWERS. 

All pipe sewers shall be made of the best quality of vitri- 
B(d clay pipe with smooth interior surface. Each piece shall 
be straight or evenly curved, as may be required, and in section 
«li»ll not vary more than half an inch from a true ciicle. The 
thickness of six-inch pipes shall not be less than three quarters 
ol an inch; of twelve-iuch pipes, not less than one and one 
eighth inches; of fifleen-inch pipes, not less than one and one 
qoaner inches; and of eighteen-inch pipes, not less than 
one and one half inclies. junction pieces, for use \t\ \jt\cV, 
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sewers, shall be smoothly be^eleJ off to an angle of forty-five 
degrees, and be not less than two feet long, exclusive of (he 
socket. For pipe sewers the junction piece shall be a part 
of the main pipe, and no right angle junction shall ever be 
used. 

So far as the specifications for the excavation of trenches, 
shoring and pumping, preparation of foundations, backfilling 
and restoring the street surface, already given for brick sewers, 
can be made to apply to the construction of pipe sewers, they 
shall be followed. 

Each pipe is to be laid on a firm bed and in perfect con- 
formity with the lines and levels given. The bottom of the 
trench must be shaped so as to fit the lower half of the pipe as 
nearly as possible, with places cut at the joints for the sockets 
to rest in, so that the pipe shall have a uniform bearing oo the 
ground from end to end. 

The pipes shall be joined by filling the socket with a mortar 
of pure cement without sand, with only water enough to give it 
a proper consistency. Great care must be taken to make the 
joint throughout the lower three fourths of the pipe perfectly 
water tight. The upper one fourth of joint, when so directed, 
shall be left open. 

The interior of the pipes shall be carefully cleaned from 
all dirt, cement and superfluous material of every description, 
and a wad made of a sack filled with hay, large enough to fill 
the pipe and attached to a rod or cord, sbnil. at all times be 
kept in the pipe and drawn forward as the swork proceed, care 
being taken not to loosen the joints. 

After the pipes are properly laid and joined, any space 
between them and the sides of the excavation must be filled with 
sand, either washed in or well rammed, up to the middle of the 
pipe. From this point for at least twelve inches above the top 
of the pipe, the earth shall be filled in so as not to disturb the 
pipes, and thoroughly rammed; after which, up to the surface, 
it may be either rammed in layers or thoroughly soaked with 
water, as may be directed by the sewer commissioner, so thst 
the least possible settling will take place after the work is com- 
pleted. 

Pipe sewers will be paid for by the linear foot of finished 
work, the price so paid to be in full payment for furnishing and 
laying the pipe, including the earth excavation, shoring and 
pumping, backfilling, restoring tbe street surface, hauling away 
surplus material, and all other work and material required by 
the specifications or necessary to give a finished result. 
I Where rock is encountered in pipe sewers, such rock 

excavation shall be paid for at the price named herein 

V the amount to be estimated with 
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fc of six inches more than the inside diameter of the pipe 
Re side slope of one horizontal to eight vertical. 

140. Speciflcation for Sewer Pipe. The foliow- 

^ecificntion for sewer pipe and specials is probably the 
;fully worked out of any found in current American 
While these speciRcntioQS are very full and complete ' 
ly details which are usually overlooked, they are not 
unreasonably severe. They eimply describe clearly what kinds 
of faults will serve as cause for rejecIioQ, and are as valuable 
to the manufacturer of the pipe in enabling him to select those 
specimens which he feels will be accepted, as to the inspector 
himself, who is called upon lo accept or reject the material 
mben supplied upon the ground. This specificution, therefore, 
has the great merit of extreme definiteness of meaning, which 
ia the most vital and necessary quality of all specifications. 
They were prepared by an engineer who knew from experience 
ly what could be furnished by the best sewer pipe manu- 
vithout greatly incre.tsing the cost. 

'ewer Pipe and Specials — I'ipc sewers are composed of 
sections which are herein termed ^'•pipe," and oC 
, bends, reducers, etc., which will here be called 
t" or ^^ special pieces." 
le main server, as well as all surfiice and lot lateral 
shall be constructed of the best quality of salt-glazed, 
stoneware sewer pipe, and nil speci.il pieces that may 
.ired in the work shall be of the same description and 

The pipes and specials must be carefully selected and 
<xarained by the contractor before or while being delivered 
"pan the street, mid all such material which may be used in 
'he work must conform to the following requirements and con- 
•"lior-a: 

All hubs or sockets must he of sufficient diameter to receive 
'"cir full depth the spigot end of the next following pipe or 
"fecial without chipping whatever of either, and also to leave a 
'pace of not less than i-S inch in width all around for the 
ceit iciit oiortar joint. Pipes and specials which can not be thus 

' 1 fitted into each other shall be rejected. 
I the case of pipes and specials of i z inches and upward 
at least 40 per cent, of all such that^^t \l^ VM^ 
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in the work must be truly circular or substantially circular in 
cross-section, anri in llic case of pipes and specials less than |] 
inches in diameter, at least 60 per cent, of the whole number 
required must be truly circular or substantially circular in cross- 
section. Of lUe remainder, in e.icb case, the allowable diver- 
gence from a truly circular cross-section shall never exceed the 
following limits: a. For an elliptical cross-section, the great- 
est internal diameter must not be more than from 6 to 7 per 
cent, longer than the least internal diameter in the same cross- 
section, b. For an oval or egg'shaped cross-section, the same 
rule as for eliptical cross-sections shall apply, c. Pipes and 
specials having cross-sections which exhibit angles^ sharp 
curves QT flat places of appreciable magnitude in the circumfer- 
ence, win be rejected. 

A single tire-crack, which extends through the entire 
thickness of a P'pe or special, must not he over two inches 
long at the spigot end, nor more than one inch long at the hub 
or socket end, measured in Ihe lattet case from the bottom, or 
shoulder, of said hub or socket. Two or more such fire-cracks, 
however, at either end of said pipe or special will cause the 
same to he rejected. 

A single fire-crack, which extends through only two thirds 
of the thickness of a pipe or special, must not be over four 
inches long at either end thereof, measured in the direction of 
itB length. Two or more such fire--cracks, however, aj either 
end of said pipe or special will cause the same to be rejected. 

A single fire-crack, which estends through only otte half 
of this thickness of a pipe or special, must not be over six 
inches long at either end thereof, measured in the direction of 
its length. Two or more such fire-cracks, however, at either 
end of said pipes or special will cause the same to be rejected. 

A single fire-crack, which extends through less than one 
half of the thickness of a pipe or special, must not be Over 
eight inches long, measured in the direction of the length of 
such pipe. Two or more such fire-cracks, however, anywhere 
in the pipe will cause the same to be rejected. 

A transverse fire-crack in a pipe or special must not be 
longer than one sixth of the circumference of such pipe, nor 
shall its depth be greater than one third of the thicknets 
thereof. Two or more such fire-cracks will be cause for 
rejection. 

No fire-cracks of any description shall, however, be more 
than one eighth inch wide at its widest point. 

No combination of the foregoing six limitations will be 
allowed, except with the express consent of the executive board 
and the city surveyor, as the intent and meaning of thete 
restrictions or limitations is to insure the furnishing of the best 
marketable quality of pipe and specials by the contractor. la 
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genei'al, any pipe or special which exhibits more than one fire- 
crack of the ni;ignitudes above mentioned shoulil be rejected at 
once by the inspector in charge of the work of laying the pipes, 
unless there be time to make a thorough and minute examina- 
lion of the other fire-cracks which it may displ.ty, and to 
become thereby convinced that they sre of trilling significance. 

Any pipe or special which is found to be cracked through 
its whole thickness from any other cause except the process of 
burning in the kiin, shall be rejected at once, regardless of the 
«xtcnt of such crack. This refers particularly to damage done 
by transportation, by cooling or by frost. 

Irregular lumps or unbroken blisters on the interior surface 
of a pipe or special of sufficient size and number to form an 
appreciable obstruction to the free flow of the sewage, will be 
'^ausc for rejection. A few small, unbroken blisters, not 
exceeding one fourth of an inch in height and one or two inches 
"1 diameter, upon the inner surface, need not reject a pipe or 
special. If there is a broken blister or a flake on the interior 
of a pipe or special which is thicker than one sixth of the nor- 
'^al thickuess of said pipe or special, and whose largest diame- 
ter is greater than one twelfth of the inner circumferenc of said 
pipe or special, the latter shall be rejected. Furthermore, if 
such broken blister or flake is as large or smaller than just 
"efined, then, unless said pipe or special can be properly fitted 
and laid so as to bring such broken blister or flake on the top 
2^ upper side of the sewer, the said pipe or special shall also 
be rejected. 

Irregular lumps and small, unbroken blisters on the out- 
side of a pipe or speciid need not reject it. A large and 
°fol(CD blister or a flake on the outside of a pipe or special, 
'*^hicb is thicker than one sixth of the normal thickness of said 
P'pe, and whose largest diameter is greater than from one uinth 
*"» one twelfth of the outer circumference of said pipe, will 
^^use the same to be rejected. Should, however, the broken 
"lisicr or flake be within the limits of size just defined, and 
^hovild the pipe or special admit of being properly laid so as to 
"•"irig said blister or flake on the upper part of the sewer, tucn 

ial may be accepted, if otherwise sound in alja 

y pipe or special which betrays in any manner a want 
— • XRorough vitrification or fusion, or the use of improper 
^*«teriala and methods in its manufacture, shall be rejected. 
^*^tcntion of inspectors is paitieularly called lo the cliaracler of 
~ material composing the interior of a pipe or special where 
tame is exposed by the breaking of a blister, the removal 
Vfloke, or the face of the spigot end of such pipe. 

All pipe and specials which are designed to be straight 
*U not exhibit any m^iterial deviation from a straight line. 
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Special curves or beivU shall substantially confo 
degree of c«iv;Htire nnd general dimensions ihii 
required. 

If a piece be broken out of the rim forming the bub or 
socket of a pipe or special without injuring the body of such 
pipe, the latter shall be rejected if the length of said brolicn 
piece, or the gap left thereby, is greater than one tenth of the 
circumference of said hub. In case that a defect of this nature, 
and within the limits just defined, occurs in a pipe or specini, 
(he latter shall also be rejected unless it can be so Gtlcd in the 
sewer as to bring said defect on the upper part thereof. 

The attention of the inspector in chai^ of the work of 
laying the sewer pipe is herewith particularly directed to the 
foregoing requirements as to the quality of the pipe and specials 
that will be allowed in the sewer, and in all cases of doubtful 
interpretation of said requirements, the necessary definitions 
will be given by the city surveyor and the executive board. 
Said board also reserves the right to add to the foregoing 
requirements, at any time during the progress of the work, 
such further restrictions and conditions respecting the quality 
of the said pipe and specials as it may deem for ihe best 
interests of the tax-payers, in order to secure the best materials 
which can practically be obtained. All such explanations or 
definitions of said requirements, in cases of doubtful interpre- 
tation, together with al! said further restrictions and conditions 
relating to the quality of said pipe and specials, shall have the 
same force as though a part of this specification, and the con- 
tractor shall be required to comply therewith without extra 
compensation beyond the prices bid by him for perfoi 
work. I 



141. Specification for Laying Sewer Pipe. ' 
following specification for t!ie laying of sewer pipe i 
specials has all tlie merits ascribed to the specification for 
sewer pipe as given in the previous article, and has been pre- 
pared by the same engineer. For the purpose of removing 
any cement mortar which may have been forced through lh« 
joints, and which may, when hardened, form serious obstnic- 
tions in the sewer, probably no specification will insure such 
excellent results us that given in the St. Louis specificattoai 
for pipe sewers in Art. 139, where the contractor is required 
to provide "A wad made of a sack tilled with bay, 

mgh to lin the pipe and attached to a rod or cord, m 
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a draw II 

forward as the work proceeds, care being takcu not lo looseu 
the joints." It is an easy matter for the inspector to examine at 
any time to see whether or not this wad is being drawn 
(oTWaid, and when drawn forward it must of necessity remove 
toy protruding fins of morlar, and leave the interior smooth 
and entirely free from such obsiructions. 

Laving Tira Sewer Pipe and Specials. — Previous 
to laying the pipe and specials which liave been dilivered 
upon the street. Into ihe trench, they shall all be subjected to a 
rigid inspection by both contractor and inspector, and those 
which do not come up to the foregoing requirements shatl be 
rejected. 

Additional tests by sounding said pipe for cracks, and 
exiniining closely all blisters and flakes, shall also be applied. 
Before lowering the pipes and specials which have passed the 
iuipections into the trench, they shall first be properly fitted 
together upon the surface of the street in the order in which they 
are to be used ; and to facilitate the process of laying, the top 
ol each pipe or special, after said lilting, shall be plainly 
■aarited wiih chalk or paint, so that the pipe previously laid in 
Ifie boHom of the trench shall be disturbed as little as possible. 
All pipes and specials in which the spigots and sockets 
«n not be made to lit together, while on the surface, must be 
fEjected, as no chipping of either socket, hub or spigot will be 
«IIowed. 

The faces of all spigot ends and of all shoulders in the 
''"ha or £Oi.kets must be true, and be brought into fair contact, 
"Id all lumps or excrescences on said faces shall be carefully 
^"l away before the pipes are lowered into the trench. 

In all cases where the rim of any hub or socket has been 
'"ken, as aforesaid, the pipe or special shall be rejected 
""less it can be so fitted as lo bring the broken portion on the 
,Pi or upper portion of the stwer. The saiie condition shall 
'1*0 be applied to the case of broken blisters and (lakes, as 
■"Ovc mentioned, on either inside or qutside of the pipes and 
fP^cials. All special pieces required in the work, such as 
''■tiches, bends, curves, reducers, etc., shall likewise be 
""jeet to the same conditions as the straight pipe. 

The pipes and specials shall be so laid in the trench that 
***«r the sewer is completed the interior surface thereof shall 
P '^tcirm on the bottom accurately to llie grades and alignment 
^*e<j flti(j given by the city surveyor. The main sewer will be 
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grade and alignment shall,' under ordinary cimirr-iLinces,^ 
truly Biraight, Changes of grade or direction, or i' -th, in sutT 
■ill generally be made at man-hole* or lamp M I 
band-holes, although under special conditions, to be defiKJ 
only by the executive board and city surveyor, such chaoga , 
may be made at intermediate places. 

While the pipe and specials are being laid in each of tl* | 
aforesaid straight i^./isions or working sections o£ the main 
sewer, a light or a burning lamp must be maintained conlitiu- 
ally by the contractor at the beginning of such section, ni 
each pipe and specials must be so laid that such light or Uinp 
shall remain constantly in plain view throughout the ea6tt 
length of such section or division. Th^ same test shall also la 
applied during the work of refilling the trench, so thai wbo 
the sewer is in all respects fully completed and accepted \>y ll' 
executive hoard a light which may be applied at one end oi 
such a division of the main sewer shall be clearly and plsinlj , 
seen by looking through said sewer from the other end of iiio 
division or working section. The length of any such divi«o> 
or the distance between a man-hole and the ntxt followioii 
lamp or hand-hole, or between any two consecutive optnflp 
of such kind in the main seuer, will, in general, not nccti , 
300 feet, although Jn particular cases it may be somewhil j 
greater. 

The trenches must, in all cases, be wide enough to admit , 
of the laying of the pipe and specials as above menlionWi 
and wherever they have not been thus excavated, all necesttrj | 
widening thereof must be done before the pipe and siw<:i'l> J 
are lowered therein. Ample room or space must likewi«b« i 
left on each side of said pipe and specials, both to admil « , 
proper refilling underneath and also to allow of free acce* » ( 
all parts of the hub or socket while making the ccmenl j'oiot- 
Wherever any additional excavation or enlargement in I** 
sides of the trench is required for such purposes, it sh»U ^ 
satisfactorily performed before the pipe and specials are '•'" 
or put into place, as no cutting away of the banks will be P*^ 
milled after any such pipe or special has been set. 

Furthermore, before any pipe or special is put into plo**" 
a small excavation must be made in the bottom of the t^. 



viously graded trench to 

or socket, so that each pipe will hi 

ing upon said graded bottom 



the projecting part of the 



ho^ 



«>,,,^«..u uniform be»^ 
rtually its entire lci»6^! 
adjustment of the pipes to line and grade must be done ^ 
scraping away or filling in the earth under the body of '^ 
pipe, and not by blocking or wedging up the spigot or the "^ 
or socket. Special attention must be paid to this part of *", 
work, since the stability and permanence of the ecwer dejg 
largely upon the manner in which the pipes are bedded.. 
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The joints between the individual pipes and specials shall, 
in all cases. De made water-tight by con.pletely filling out the 
■ e annular space between the exterior of the spigot end and 
the interior of the hub or socket with hydraulic cement mortar, 
of luch composition as is hereinafter specified. To ptevent 
tile mortar from reaching the interior of said pipe, the con- 
tractor may if be desires, use a narrow gasket of oakum or 
Iwmp, which shall be properly caulked into each joint, after 
wbich the mortar shall be introduced tht^rein ; but no extra 
compensation for the use of such gaskets wilt he allowed. 
Special care must be taken to secure a perfect filling of the 
iforesiiid annular space at the bottom sides of the pipes, as 
veil as at the top; and previous to the introduction of the 
laoflar, said space, together with the suifaces of the pipe 
bounding the same, shall be thoroughly free all around from 
<lust, sand, earth, dirt, small stones and water. After said 
•pice has been filled as described, a neat and proper finish 
(hall be given to the joint by the further application of similar 
mortar to the face of the hub or socket, so as to form a con- 
tinuous and even beveled surface, from the exterior of said 
Wcket to the exterior of the connecting spigot all around. 
The pipes must also be thoroughly cleaned before being laid ; 
*nd any mortar, earth or other materia! which may have found 
'ts way through a joint or otherwise, into any pipe or special 
•Bust be carefully removed before the next succeeding pipe is 
'aid, in order that the interior of the sewe shall be left smooth 
•od clean. 

As soon as the cementing of any joint, whether in a main 
•ewer or in a biteral sewer, has been completed, the excavation 
previously made in the bottom of the trench for the reception 
^f the hub or socket must be carefully and compactly filled 
with sand, loam or fine earth, so as to hold the external mortar 
Siaish of said joint securely in its place; and such refilling 
*hall also be carried up around tlie sides or circumference of 
^^« socket, as far as may be necessary. Any water which 
*»«y have accumulated in said excavations must first be 
'"^inoved, or else said excavations must be completely filled 
•^lal with the cement mortar specified, in which event no extra 
^*>mpensation will be allowed. 

When a pipe or special is used in any main or lateral 

■•swer, which is affected by a broken hub or socket, or a boken 

"litter or flake, or a fire-crack on its exterior surface, as limited 

**iii defined in the foregoing, such pipe or special must be set 

•oasto bring said permissible defect on the top or upper part 

of Ibe sewer; and said defect must thereupon be completely 

and liberally covered over with a thick layer of hydraulic 

wment mortar, of the quality specified for the joints, to the 

lull satisfaction of the city surveyor, and the executive board. 
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As the work proceeds, all of the required specials that are 
indicatei.1 upon the pliin of the street, or thai may be required 
iluring the progress of the work, shall be introduced and set in 
their proper positions. 

Any omissions of the required specials intended to be 
laid, and indicnte<l upon the plan for the sewer, or that may 
especially be ordered beforehand by the surveyor, shall be 
corrected by the contractor without additional compensation: 
but in case thrit any special not indicated upon the said plan, 
or not distinctly required to be introduced beforehand by the 
surveyor is inserted into the sewer after the latter bas been 
laid, the expense of such msertions will be paid by the execu- 
tive board upon proper certificats from said surveyor. 

llcfore leaving the work for the night, or during a storm, 
or for any other reason, care must be taken that the ualinis'.icd 
end of the main sewtr, or of any lateral sewer is securely 
dosed with a tightly fitting iron or wooden plug. Any earth, 
or other material that m.iy find entrance int') s.iid main sewer, 
or into any lateral sewer, through any such open end or 
unplugf;ed branch, must ba removed at the contractor's 
expense. The cost of all such plugs, and the labor connected 
therewith, moreover, must bo included in the regular prices 
bid for the sewers. ' E. K. 



142. Specifications for tha Manufacture and 
Delivery of Oast Iron Water Pipe, The following 
speciBcations for the manufacture of cast iron water mains are 
in use in the city of Rochester, N. Y. Although water pipe 
is now manufactured and sold as a standard article of com- 
merce, and is often purchased without any test or inspection 
whatever, it must be admitted to be a poor practice, and il tbs 
contract is a large one, the material should be thoroughly 
inspected aud tested in all the stages of manufacture. Special 
attention should be given to the tests of the strength and resQ- 
ience of the material. When cast iron water mains burst, it a 
due to a water ram or shock, and the more elastic the material 
is of which the pipes arc composed, the less will be the force ol 
the ram the more able the pipes will be to withstand the shock. 
The resilience of the iron is measured by the product of the 
strength into the deflection, and in the following specifications 
both tensile and cross-breaking tests are required, and the 
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^isiU Jeflec 
The deflection 



1 the c 



ss-breaking test i 



)d quality of 
ilthoiigh the 
e author has 



here named will insure a very go 
CAst iron, so far as its resilience is concerned, 
strength requirement is not particularly high. Tl 
dad « large experience in testing the strength of cast iron, and 
be can approve of the standards of strength and resilience here 
nimed for water pipe metal. 

Specifications for Water Pipe. 
Dimensions and Weight of Pipe. — The pipe shall he of 
ibekind usually kno«-n as "Hub and Spigot," and in gcnerul 
Mch straight pipe shall be about twelve feel in length from the 
bottom of the hub to the end of the spigot. No straight pipes 
will be received that will lay less than ii feet S indies; but it 
iiUDderstood that not more than tno per cent, of the total 
number of pipes required in each class may be lo feet or more 
in leugtli, produced by properly cutting off in a lathe a defect- 
ively cast spigot end. The form and dimensions of the hub 
ond spigot ends of alt pipes and castings shall be subject to the 
•pproval of the Engineer, when specific drawings therefor are 
not furnished by him, and shall conform accurately in shape 
'nd dimensions lo all drawings that may be furnished by him 
from time to time. 

(See accompanying figure (or these dimensions for the St. 
Louis Standard wntcr pipe.) 




The wcigiits and di 
conform to the figures i 



nensions of the straight pipes shall 
the following Table, it being stipu- 
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loted that the same may be modified at any liiu 
the Engineer: 

TABLE OF WEIGHTS AND DIMENSIONS OF STttAIGHTe 
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The specified internal diameter of the pipe is nominal, 
no pipe or special casting of any class shall have a less iniei 
diameter tli.tii the nominal diameter. The externa] diamc 
of all classes of said pipe shall be the same thioughout, and 
variations in thickness of metil of the shells or barrels shall 
made by changing the internal diameter. 

The thickness of the metal of the pipe and castings wll 
measured after they have been thoroughly cleaned, and be 
being coated. No pipe of any class will be received when 
thickness of the metal is over one sixteenth (^^ ) of an inch 
in any part than the thickness above specilied, or beitl 
required by the engineer. 

No pipe of full length will be received whose weigl 
less than tlie above specified minimum weight, .ind no C» 
of weight in any such pipe, beyond the specified maxlo 
weight, will be paid for. It is also expressly undersU 
the average weights of the straight pipe of the sert 
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^Ilnot excecci the said stand^J wcijjhts by more than two 
percent, of the latter, and that no greater over-weight than this 
ptrwotage will be paid for in the final settlement. The 
llinitaTd weight of the straight pipes will depend upon the 
mag length of the pipes actually furnished, and will be 
khirniined by the engineer. 

^uaiity of Metal. — The materials, details of manufacture, 
indtlie testing of all pipe and !.pt:cial castings herein referred 
0. shall at all times be subject to the inspection and approval 
if the engineer. The metal, which must be reiuelted in the 
Up&la or air furnace, shall be made without admixture of cin- 
lewron or other inferior metal, and shall be of such character 
II to make a pipe strong, tough, and of soimd, even grain, free 
Kta, uncotnbjned carbon when examined under the microscope, 
ltd luch as will satisfactorily bear drilling, chipping and cut- 
Sog. Its tensile strengih and resilience, when tested in proper 
innples, shall meet all the requirements hereinafter expressed. 

Specimen rods of the metal used, of a size and form suita- 
Jlefor a testing machine, shall be made and carefully tested to 
•Kertsin its tensile strength. Another set of test bars, each 
ixiag twenty-six (26) inches long, two (3) inches wide, and 
Me(i) inch thick, shall also be made as often as the engineer 
llall direct, and shall be tested both for transverse strengih and 
deflection by placing them horizontally and flatwise upon sup- 
porM twenly-foar (14) inches apart, and then applying a 
lltidily increasing load at the middle of each bar. 

The b.irs for testing the transverse strength or resilience of 
Hwmetal shall be cast from regular patterns in drv or green 
Mod, and as nearly as possible to the recjuired dimensions 
Wiihout being Knished up; proper corrections will, however, 
Evnade in the results for slight variations of width and ihick- 
»(«. The rods for testing the tensile strength of the iron, on 
l^S other hand, must be turned down on a lathe in order to 
mnove the rough exterior and enable the diameter to be accu- 
niely measured. 

At least one set of four test bars, of each kind above des- 
ijoited, shall bo made and tested as described on each working 
^ly Juring the manufacture of the pipes and specials. These 
tot bars must be poured from the ladle either before or after 
■iiy particular pipes or special casting are poured, and must 
P'MiW tnie samples of the iron used in said pipes o^ castings. 
RWwds shall be kept of the tests of all bars made, and a duly 
Kttified copy of such records shall be forwarded weekly to the 
""giiwer. 

The quality of the metal used for the pipe and specials 
imttlienich that said bars for testing resilience, as aforesaid, 
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shall each carry a center load of not less ihnn nineteen hundred 
(1,900) pounds before breaking, ancJ exhibit a deRection of not 
less than five BiKteenlhs (,^g) of an inch; also that the tensile 
strength of said metal shall be at least 17,000 pounds per 
square inch, as determined by the tests with the first named set 
of rods. In estimating the suitabilily of the metal from said 
teals, the average of the three highest results obtained from 
each set of four bars will be considered as representing the 
actual strength of the iron. 

Manufacture of Pipe and Special Castings. — All the 
straight pipes shall be cast in dry sand moulds, vertically with 
the hub end down. Every pipe is to have the initials of the 
maker's name cast distinctly upon it, and also the year, the 
class letter, and a number signifying the order of its casting, in 
point of date ; the several different classes of pipe each to have 
its own series of numbering; the figures, and letters to be at 
least two inches m length, with a proportionate width; the 
weight of each pipe to be conspicuously painted on the outside, 
before delivery, with white lead paint at the contractor's 
expense. 

The branches and all other special castings must conform 
in weight and thickness of iron to the drawings and directions 
to be furnished by the engineer, and no allowance will be made 
for making or altering patterns for the pipe or any special cast- 
ings, or for any machine work in properly facing and drilling 
flanges, etc., where bolted joints are to be made. All required 
machine work on said castings shall be done in the best and 
most workmanlike manner, in accordance with said plans and 
directions of the engineer, and to his entire satisfaction. Said 
castings shall be subjected to the same examinations and tests 
at the foundry, except the waler- pressure proof, as the straight 
pipe, and shall he marked in a similar manner. The engineer 
may reject, without proving, any pipe or casting which is not 
in conformity with the specifications or the drawings furnished. 

Pipes and special ca-^tings shall not be taken from the pit 
and stripped while still showing any color of heat, but shall be 
left in the flasks for a sufficient length of lime to prevent 
unequal cooling and contraction by subsequent exposure. 

On being removed from the fiasks, all pipes and special 
castings shall be subjected to a careful examination and hammer 
test for the purpose of detecting imperfections of any kind. 
They shall then be thoroughly dressed and made clear and free 
from earth, sand or dust, which adheres to the iron in the 
moulds; iron wire brushes must be used, as well as softer 
brushes to remove the loose dust. No acid sh,ill be used in 
cleaning the castings. After having been properly dressed and 
cleaned, they shall again be subjected to a thorough inspection 
and hammer tesL The contractor will be required at tha 
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I foBndrjtO place all castings in such positions as may be (deemed 
ntccKarv' by the Engineer for convenience of inspection. 

The pipes and special castings shall be free from 
land-holes, air-bubbles and other defects or imperfections: they 
ihall be truly cylindrical in the bore, straight in the axis of the 
Wrnight pipes, and true to the required curvature or form in the 
txh of the other pipes ; ihey shall be internally of the full speci- 
Red diameters, and shall liaie tl.eir inner and outer surfaces 
tonccntric. To insure proper diameters of sockels and spigots, 
« circular iron templet of the required dimensions shall be 
pa&sed to the bottom of every socket, and a circular ring over 
«»ery spigot. Care shall also be taken to avoid all excess in 
diimetcr of the sockets. No pipes or special castings will be 
icccpled which are defective in joint room, whether in conse- 
quence of eccentricity of form or otherwise. No lump or rough 
places shall be left in tbc baiTcle or sockets, and no plugging or 
filling will be allowed. All pip;s and special castings with 
Weclive hubs or flanges will be rejected. 

When a defective spigot end is to be cut off from any 
ilraight pipe, such cutting must in all cases be done in a lathe, 
ind a suitable head or fillet of balf-oval wrought iron, abont 
three fourths (J^) inch wide and five sisteenlhs (i^) inch 
thick shall be shrunk upon the new end of the pipe ; and there 
shall be deducted from the proper original weigiit of the pipe 
tDimount asdetermintrd from the rate specified in the foregoing 

Coaling lAe Pipe and Special Castings. — After the above 
^sKfibed cleaning and inspection, every pipe and special cast- 
ing (hall he heated in a suitable oven to a temperature of about 
310° F. and, while at this temperature, be immersed in a bath 
"f hot coal tar pilcb varnish, prepared in general according to 
Dr. R. Angus Smith's process. Special care shall be t.iken to 
hive the surfaces of all pipes and castings entirely clean and 
f'Mfrom rust immediately before putting them into said bath, 
ff «ny pipe or casing cannot be dipped in said bath soon after 
'f removal from the mould, it shall at once be thoroughly 
totted with pure linseed oil in order to prevent the formation 
of any rust before applying said varnish. 

The varnish above mentioned shall be made from coal tar, 
""•tilled until the nriptha is entirely removed and the material 
neodorized, also until it attiiins the consistency of wax when 
^Id. Pitch which becomes hard and britlle when cold will be 
'•jected. To tliis material from five to six per cent, of its 
*eiEht of pure boiled iitiseed oil shall be added and thoroaghly 
'^ilcd therewith. The relative portions of pitch and oil. as 
"pl « the details of mixHue and boiling, arc to be carefully 
locd bjr experiment. 
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The coaling must be durable, smooth, glossy, hard, tough, 
perfectly water-proof, not affected by nny salts or acids found 
in the soil, free from bubbles or blisters, strongly adhesive to 
the iron under all circumstances, anJ with no teoJency to be- 
come soft enough to flow when exposed to the sun in summer, 
or to become so brittle as to scale off in winter. As one tesi 
of the quality of the coating, a properly coated specimen casting 
will be plunged into a freezing mixture, and kept therein until 
the metal has acquired the temperature of said mixture, after 
which the casting shall be well hammered. If the coating 
remains tough and adhering closely to the metal, it will be con- 
sidered proper, provided that it be satisfactory in all other 
respects. 

After a varnish of the proper quality has been obtained, it 
shall be heated in a suitable dipping tank to a temperature of 
about 300° F., or such other temperature as may be found expe- 
dient, and shall be maintained thereat uniformly during the time 
of dipping. Fresh materials must be added from time to time in 
the right proportions to keep the mixture of the proper consis- 
tency. The exact proportions will he determiued by the 
Engineer, and will be varied also according to the season of the 
year, as may be directed by the said Engineer, or found neces- 
sary to produce a coaling of the required quality. The tank 
shall also be occasionally emptied of its contents and refilled 
with fresh material, tne frequency of such operation depending 
both on the character of the mixture and the manner of con- 
ducting the coating process. 

Every pipe and special casting, after having been inspected, 
cleaned and dressed as above described, shall be heated in a 
suitable oven to a temperature about 30° F. higher than that 
which was found most expedient for the bath of coating mate- 
rial aforesaid, and while at such temperature, shall be immersed 
or dipped in said bath. All pipes or castings shall remain in 
the tank at least twenty (20) minutes, or as much longer as 
may be necessary to insure the soundness of the coating. 

Whilst any pipe or casting remains in said bath, the hot 
mixture must be kept thoroughly stirred by a frequent rolling, 
turning or churning motion of such casting, and upon its re- 
moval from the tank, the coating shall fume freely for a short 
time, and stt perfectly hard within one hour thereafter. Prop- 
er facilities for handling the castings and allowing all surplus 
material to drip off, shall be provided by the contractor. The 
co.t of nil labor and material involved in the coating of the 
pipes and castings must be included in the prices bid for fur- 
nishing said pipes and castings. 

Testing. — After the said coating has become thoroughly 
set and hard, every pipe shall be subjected to a proof by water- 
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t"^S5ure of from 200 to 300 pounds ptr square inch, according 
'u iU class and ilinmetcr, :ind as will be dclcrmiiu-d liy the 
(Engineer. Each pipe while under the reciuired pressure, shall 
be sharply rapped from end to end wiih a hand hammer, to 
ssceriain whether nny defects ha\ebcen overlooked; and any 

pipe* which may exhibit any defects by leaking, sweating or 

othcnvise, shall be rejected. 

.^11 the above inspections, manipulation and tests of the 
pipe and test bars shall be made at the expense of the contract- 
or forUii; pipe, said expense, however, not to include sal.iry of 
*nv inspector who may be appointed by the Executive Board, 
if required by the said Board, the affidavit of the superintend- 
•^ntoi the foundry, or that of the foreman employed by him to 
Peiiorm the above described testing, shall also be furnished to 
the Engineer from time to time; said affidavits to be recorded 
>JpoD the pipe inspector's sheets, and staling in detail tliat the 
pipes or castings therein described have been carefully tested 
At the foundry in accordance with these specifications, .and that 
Qo defects wei^ discovered or discoverable. 

Weighing Jor Payment. — The pipes and castings will be 
Wceighed Jor payment after all cleaning, dressing and machine 
Work has been done and the coating has been applied, and the 
contractor must furnisi, at his own expense, accurate and 
properly sealed scales, together with the necessary labor for the 
purpose. The Executive Board also reserves the right to re- 
Weigh on similar scales, any pipe or casting upon or after its 
■arrival at the designated point of delivery; and if any discrep- 
ancy be discovered between the weight marked upon said pipe 
or MBting and that which was found on such re-weighing, the 
Utt<r weight will be adopted in the final settlement. Payment 
for all maleriul furnished in accordance with these specifica- 
tions will be made nt the prices bid per net ton (2,000 lbs.) 
for itraight pipe and special castings. 

Transportation of Pipes and Castings. — All pipes and 
palings must be delivered in all respects sound and in conform- 
ity with these specifications. Upon their delivery at the point 
•Seiignated, the Executive Board lescrves the right to subject 
'he «nid pipe xnd castings to the same water-pressure proof and 
"■aimer tests aa are above specified to be applied at the 
■ocnciry; and all defective pipes or castings which may have 
poWed the i spector at the foundry, or which may have been 
_rofc(;n in transportation from the foundry to said point of de- 
Jivery, will be rejected when there discovered, unless the same 
'"y he cut as hereinafter provided. Care must also be taken 
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in handling the pipes and castings not to injure the coaling, 
tind no material of any kind shall be placed in said pipes anrl 
castings during transportation, or any lime after being coated. 
If, upon its arrival at the designated point of delivery, the 
spigot end of any straight pipe should be found cracked or 
broken, during transportation from the foundry to the snid 
point or otherwise, such defective portion will be cut off at the 
contractor's expense, provided that the sanie does not exceed 
a length of four (4) feet, and a suitable fillet or bead shall then 
be shrunk on the new spigot end, as above specified. A deduc- 
tion from the proper original weight of such pipe shall also be 
made in each such case at the rate specified in the above table 
for every inch of length so cut off. No pipe or special casting 
in which the hub is found to be cracked or defective in any 
respect, will be accepted at said point of delivery or elsewhere; 
nor will any special casting with a defective spigot end be 
received, or permitted to be cut off, without the written order 
of the Engineer. E. K. 



143. Speciflcations for Laying Water Pipe. The 
following clauses referring to the methods of laying water 
pipe, and making the joints, are taken from the complete speci- 
fications on this subject used by the water commissioner of St.' 
Louis. All that portion of the specification referring to the 
trenching, protection, tools, alignment, grades, connectioRS, 
back-filling, etc., together with the general clauses are here 
omitted. 

The reducera, bends, caps and such other parts as are 
liable to draw, shall be firmly secured by straps and bolts, and 
in addition to this a firm blocking shall be set behind all caps, 
curves, fire hydrants and three way branches, said blocking to 
have a large surface bearing against the undisturbed earth, and 
to be wedged up tight. All applications necessary to the per- 
fect working of the distribution, when the water is let on, shall 
be made and completed. 

The straps and bolts used shall be made from the best 
American refined iron, and the size and workmanship, as well 
as the material, shall be in all respects salisfactorj' to the water 
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of brnncltea, stop-cocks, or otiier .-ippurte- 
nances intended to lie laid, shall be corrected when required, by 
r«-opening the trench, if it has been filled up, and introducing 
what may have been omitted. 

Al the time when laid, the spigots of the pipe shall be bo 
adjusted in the sockets as to give a uniform space all around, 
and if any pipe does not allow sufficient space, it shall be 
replaced by one of proper dimensions. The joint shall, at all 
points, be at least five sixteenths of an inch in thickness. In 
the lead and gasket joints, the depth of lead shnll not he less 
than three and one quarter inches for the fifteen inch pipes and 
over, nor less than two and three quarter inches for smaller 
pipes. Gaskets of clean, sound hemp yarn, braided or twisted, 
and tightly driven, shall be used to pack these joints, when 
required, a space of one quarter inch shall be left between the 
conliguniis pipes. 

The lead used shall he of the best quality of pure and soft 
lead, and suitable for caulking and securing a tight and perma- 
nent joint. 

Before running the lend, the joints shall be carefully wiped 
out to make them clean and dry ; the joint shall be run full at 

Muring, and the melting pot shall always be kept within 
Ct ot the joint about to be poured. 
be joint shnll be caulked by competent mechanics. The 
ig to be fnithtully executed, and in such a manner as to 
a tight joint without overstraining the iron of the hell. 
ID ail cases the caulking shall be done towards the place of the 
^tc and other points where I he lead is likely to be porous, so as 
to drive it together at these points. The lead, after being 
<lriven. shall be flush with the face of the socket. 

The pipes and all other castings shall be carefully swept 
^Dd cleaned, as they are laid, of any earth or rubbish which 
Saa^ave found place inside, during or before the operation of 
^^Bk. Every open end of a pipe shall be plugged or other- 
^^^^Uosed before leaving the work for the night. 
^^^U refilling the trenches, the earth filled into the bottom of 
^^^H^cb, under and to the top of the pipes and other cast- 
^^^■idiall be carefully packed and well rammed with proper 
^^^Dor the purpose. 

H^BnHienever written directions so to do are given, the con- 
nHMor shall fill tlie trench with river sand, said filling to be 
done in exact accordance with the orders and directions of the 
J[ptcr commissioner. For all sand filling done as above, the sum 
^^^ per cubic yard will be paid, which sum shall include 
^^^■penge of materials, tools and labor for the sand filling, 
^^^Emoving the surplus earth from the work. 
^^^Kart shall be taken to give the pipe a solid bearing throngh- 
^^^■k entire length. The eaith filling above the pipes shall 
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also be sufficiently packed iind rammed to prevent afler settle- 
ment, and tlie material used shall be free from stones or rock 
fragments. The trenches shall, in all cases; be refilled with 
the material furnished by their excavation, provided thai it be 
of a proper quality, and the necessary haul be not more than 
500 feet. Earth borrowed or hauled over 500 feet, to refill the 
trenches (excepting trenches where rock has been excavtited), 
will be paid for as embankment, at the price given under item 
of section seven. 

In streets and roads, the class of surface before existing, 
shall be replaced, so as to be in every way equal to that surface in 
materials and workmanship, and satisf.ictory to the water 



Whenever trenches are excavated in or across streets 
paved with granite or wood blocks, or with asphalt, the con- 
tractor will be required to have the back-fill of trench thorou^hlv 
rammed (not less than three men ramming to ejch man ftlliat; 
the trench), and lo replace the paving temporarily, so as to 
make the street passible for traffic; the pi.'rmaneut laying of the 
pavement in these cases, will be assumed by the city. 

A wooden box orvault shall be furnished and set over each 
of the stop cocks, air cocks, and fire hydrants, and the iron 
frames and covers shall be properly fastened to them. These 
boxes are to be made of the form and dimensions shown by 
samples fnrnislied and approved by the water commissioner; 
they shall be made from sound, well seasoned oak lumber: 
the corner posts shall be of four-inch scantling, and the sides 
shall be formed from two-inch plank, set close, and securely 
nailed. M. L. H. 

144. Specifications for Stop Valves. The follow- 
ing specifications for stop valves for water mains are thought to 
be particularly strong in the requirements governing the strength 
of the material used in the diHerent parts. These require- 
ments arc followed up very carefully by numerous tests of the 
strength of the material, and in this way the character of the 
composition metal used has come (o be very superior to lliat 
formerly employed, and much superior to tliat which would be 
obtained without such rigid specifications and tests. They an 
the standard specifications used in the St. Louis water depart- 
ment. 

All the iron castings shall be made from a superior quality 
of iron, rcmclted in the cupola or air furnace, tough and of even 
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itn. And shall possess a tensile strength of not less than 18,000 
pounds per square inch. 

Test bars of the metal 3 inches by % inch when brolicii 
transversely, iS inches between supports and loaded in the cen- 
ter shall have a breaking load of not less than 1,000 pounds, 
nnd Khali have a total deflection of not less than -^^ of an inch 
before breaking. Said bars to be ca« as near as possible to the 
above dimensions without Gnisbinj;, but correction will be made 
by tlie water commissioner for variations in Ibickness and width, 
ind the corrected result must, conform to above requirement's. 

Specimen bars of the metal used, of a size and form suit- 
»t>le for testing, shall be prepared when required. 

These specimen bars shall be poured from the ladle at any 
tirne, either before or after the casting has been poured, as may 
he required, and shall present a true specimen of the iron used 
ioT making the castings. 

If any two test bars cast the same day do not show the 
TCcjuircd cross breaking load and deflection, all the castings 
niatie from tlie same mixture to be rejected. 

Each valve shall have the maker's initials, the numbers 
showing point in time of casting, and the year cast upon it. 
Tlic year above and the number below, thus: ^-^i^"^, ^-^j etc. 

The figures and letters will be from 2 to 2 ^ inches long, 
*nd shall have at least J^ inch relief. j 

Ail the wrought iron used shall be of the first quality of 
A.roerican refined iron. 

All the composition metal used, except the valve stem, 
*lia!l be composed of the following proportions, viz: S5 per 
<^ent. copper, 10 per cent, tin, and 5 per cent, spelter; and 
'^batl have a tensile strength of not less than 22,000 pounds per 
*1Uare inch, with 5 per cent, elongation in 8 diameters, and 5 
P«r cent, reduction of area at breaking point. 

All castings must conform in shape and dimensions to the 
^'■awings. The castings must be clean and perfect, without 
"low or aand holes, or defects of any kind. No plugging or 
Other stopping of holes will be allowed. 

The vatve guides must be straight and smooth. Irrcgular- 
•tics, if any, must be planed or chipped off smooth. All face 
pints must be planed true and smooth, in the most workman- 
"^c manner, so as to make a perfectly water-light joint, with a 
^^lyibin lajcr of strictly pure lead cement. 

All boll boles must be accurately drilled from templates, 
The upper p;irt of valve to be finislied to receive the valve 
]*'=ni, collar and stuffing box, and the filling at this point must 
oc sucli as to secure a perfect working joint. 

The valve to be a two-laced wedge valve ; the castings for 
n on drawing, Th- raised rims to be turned 
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true with dovclallcd chnnnel to hold the composition tblgii 
The faces must be brought to the exact angle before the riug 
arc put on. Tlie face rings are to be of composition metal 
of quality hereinbefore speciiicd, and are to be turned to fit thi 
dovctitil in the iron wedge. Ttie composition rings of valve 
must be shrunk on, and also fastened by copper studs, placet 
not over three inches apart — the whole to be then brought lO 

The upper portion of the wedge to be arranged to receivi 
the composition nut as shown. Care shall be taken to give Ihi 
composition nut a perfect bearing surface — both top and bottom 

On the 36 inch and 30 inch valves, the brass bearings o 
side guides shall be of the full dimensioiia, and have the eiae 
clearance shown on drawings, and be secured in place by conn 
tersiink copper studs, placed not over three inches apart, nfte 
which the guides shall be brought (o a true and smooOi sarfnce 

The seats for rings in body of valve shall be turned Inl- 
and smooth, and to the required angle as shown on drawings 

The seat rings shall be of form and dimensions as show 
on drawings, and faced true and smooth. Scat ringa to !■ 
forced into position and thoroughly and securely fftslencd li 
place, and a perfectly water-tight joint secured. 

All valves of 10 inch diameter and upwards to be provide 
with indicator as shown on drawings. 

All wrought iron bolts and nuts to be made from the be 
quality of American refined iron. The nuts to be hexagon- 
and the heads square. Heads, nuts and threads to be standaB 

Valve stem shall be made of phosphor bronze, quality 12 
or Crescent bronze, quality No. 2 ; or of 6rst qnality of "Stuci 
siede" bronze, and ehnll be free from flaws or defects of atB 
kind, and have a tensile strength of not less than 30,000 pount 
per square inch. Screw threads on the stems and mits to ir 
cut in most perfect manner, and of the exact pitch shown on th 
drawings, and so as to work true and smooth, and in perfc* 
line throughout entire lift of valve. 

There shall be two dowel pins, made of composition, $■ 
in the tlanges connecting the dome and main casting, as shoA- 
on drawings, for the purpose of centering and bringing in> 
perfect alignment these castings. Holes for dowel pins to t" 
drilled and reamed titpcriug, and pius turned to perfect II 
Pins for the 36 inch and 30 inch to be I inch in diameter; fa 
the 20 and 15 inch, }^ inch diameter; for the la and 10 inci 
^ inch diameter; and for the 8 and 6 inch, ^ Inch dinmclc 

Gearing to be extra strong, and of the form and dimea 
sions shown. Pinion post to be of a good quality of stct 



mil 



dim ens ions. 
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Cap nuts for valve wrcuch to be of the following oiitsiilc 
(iimcnsioQs: for all 6 to 15 inch valves (inclusive), lo be z 
inches iquare; for the zo inch, to be sjj inches square; and for 
tbe 30 and 36 inch, lo be 3;-^ inches square. 

All iron work, after being thoroughly cleaned, to be 
pniolcd with three good coats of paralHne varnish, applied hot. 
I'he vnlvcs shall be tested by hydraulic pressure, as follows: 

J'irst. Hends shall be secured at ea^h end of casting, 
the valve opened, and a pressure of 200 pounds per square 
Jrjch applied. 

Second. Each face joint of vjIvc shall be tested by clos- 
"^g the valve, leaving one end of the casting open, and apply- 
'*>g » pressure of 100 pounds per square iuch to the other — this 
Oj>erat)on to be reversed to lest the other fiice, 

Any and all defects developed in testing shall be thor- 
**"&lily corrected to the satisfaction of the waler commissioner, 
-*^fter testing nil valves to be thoroughly drained. 

All parts of valves o£ the same size to be perfectly 
" •^terc'iaoge.ible. 

The water commissioner may take at raiiilom any wrought 
•"■On bolt or nut, and have it broken in a testing machine. If 
•^■alt shall not fulfill the requirements of table below, the whole 
' ot of th«t size and make to be rejected : 



.,„„..„. 


T.N«« B>,.;.MNG 


ReductidnofArua tT 


Sti.»^.,t... 




^B bS inch. 


0.000 ItM. 


20 per ueut. 




13,000 '• 


20 |.(.r Bent. 


^^ 7-8 '• 


19,000 " 


20 per cent. 


^H 1 


25.000 " 


30 p<^r cent. 


^^m 1 '■ 


31,000 " 


20 per oont. 


^B I t-4 •' 




20 per cent. 


HP I 1.2 " 




20 per cent. 



The Water Comtnissioner may take at random any valve 
I ^'cm wilb nut, either finished or unfinished, for 6, 8, 10 or 13 

""ch vAlves, and have it broken in a testing mschnie. 
J If any stem or nut shall not fulfill the requirements of the 

I *^fc>1e below, the whole lot of that make and size to be 

•■<sj«ttcd. 



Sua o» VALva. 


Sthsncih of STiM. 


DUCTIHTV IN 

3 Dlunwet. 


1 r.^' 


34,000 11)8. 
34,000 *' 
34,000 ■' 
42,000 " 


8 per cent. 

8 " 
8 " 
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A!l valve stems for 15 inch and larger valves to be cast 
with a coupon on one end. 15 inches long by i ;^ inches 
diameter. Any one or all of these coupons may be taken by 
the Water Commissioner and broken in a testing machine. If 
any coupon shall show a breaking strength of less than 30,cx)o 
lbs. per square inch, or shall have a ductility of less than 8 per 
cent, in S diameters, the stem from which it was cut shall be 
rejected. 

For all materials taken by the Water Commissioner for 
testing which are found to conform to the above requrements, 
there shall be added to the final estimate: 

For all wrought iron 7 oenta per pound. 

For all Phoepbor bronza 25 cents pur pound. 

For all CreBCEnt brouze. 25 ceDta per pound. 

For all Stuckstede broiiT^e 35 cents per pound. 

The broken material to belong to the party of the second part. 
For all materials taken for testing which do not come up to 
requirements there shall be no allowance, and the broken 
material shall be returned to party of the first part.* 

The whole to be put together in a thorough and workman- 
like manner, and delivered, packed, ready for use. The work- 
ing parts lo be perfectly fitted together and working true in 
line. The joint between the face rings, when the valve is 
closed, must be absolutely water-tight. The whole to be in 
material, workmanship and finish, to the satisfaction and 
acceptance of the water commissioner. M. L. II. 






LUMBER QBADINO AND OLASSIPIOATION. 

145. Rules of the Southern Lumber Manufac- 
turers' AsBOciation. The rules given in the following 
articles were adopted by the Southern Lumber Manufacturers' 
Association at Memphis, Tennessee, February 31, 1895. They 
are given here entire to assist the engineer to use descriptive 
terms in the same sense in which they are used by the lumber 
manufacturers and dealers. While they are intended to 'applv 
only to southern yellow pine, they can be understood to apply 
in a general way to al! merchantable lumber. Since lumber is 
always sold under certain grade names, and since in the large 
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markets the lumber is ofliciaUy graded, it is sufficient Cor tlje 
engineer and architect to use these technical terms in his spcei- 
licatioos, provided he knows thnt lie is using it in the same 
sense in nhich it is used by lumber dealers in that market. It 
he does not feel safe in limiting his description to the use of ' 
such technics) class terms, he will still find considerable infor- 
mntton in die following official rules, which will enable him 
better to describe the kind of lumber which he wishes to have 
supplied. 

146. Oeneral Rules for Classifying Lumber. 
The following general rules are intended to serve as a guide to 
lumber inspectors in enabling them to classify the lumber in 
ttccordknce with the grades named below in subsequent 
articles. 

1. Yellow pine lumber shall be graded and classified 
according to the following rules and specifications as to (jualiiy ; 
anU dressed stock shall conform to the subjoined table of stand- 
ard sizes, except where otherwise expressly stipulated between 
'^Uyer and seller. 

». • Recognized defects in yellow pine are knots (pin. 
'^Und, spike, black, encased, loose or rotten), knot holes, 
splits (either from season ingi^rlng-heart or rough handling), 
shalte, wane, crooks, warp, rotten streaks, dote, rot, worm 
Utiles, pilch pockets, seasoning or kiln checks, blue sap and 
pitch streaks. 
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3. Bright sap shall not be considered a defect in any 01 
tlie grades provided for and described in these rules. The 
restriction or exclusion of bright sap constitutes a special class 
of material which can be secured only by specific contract. 

4. Firm red heart shall not be considered a defect in 
common grades. 

5. Defects in rough stock, caused by improper manufac- 
ture or drying, will reduce grade, unless they can be removed 
in working such stock to standard sizes. 

6. Imperfect manufacture in dressed stock, such as 
chipped, grain splintered or torn places, broken knots on edge 
of shiplap, insulficieiit tongue on flooring, etc., shall be con- 
sidered defects, and reduce grade accordingly. 

7. A standard knot is sound, and not over i|^ inches in 
diameter. A pin knot is sound, and not over half an inch in 
diameter. 

8. Any piece that will not work one half its size shall be 
classed as a dead cull. 

9. The grade of all regular stock shall be determined by 
the number and position of the defects visible in any piece. 
The enumerated defects admissible in any given grade are 
intended to be descriptive of the coarsest pieces such grade may 
contain. The average quality of the grade should be midway 
between such pieces and the defects allowed in the next higher 
grade. 

10. Lumber or timber sawed for specific purposes, such 
as wagon tongues, bridge timbers, car sills, etc., must be 
inspected with a view to the adaptability of the piece for the 
use intended. 

11. In finishing, flooring, etc., the enumerated defects 
admissible in a given grade upply only to the face side of tlie 
piece, but reverse face should not admit defects that would 
render the piece unsuitable for the purpose intended. 

12. Standiiid lengths are multiples of 3 feet from 10 to zo 
feet, inclusive, for boards and strips, and from 10 to 24 feet, 
inclusive, for dimension, joists and timbers. Longer or shorter 
lengths than those herein specified are special. Odd lengths, 
if below 24 feet, shall be counted as of the next higher even 
length. 

13. On stock width shipments of S-inch and under no 
board shall be admissible that is more than ^ inch scant; on 
to-inch not more than ^ inch, and on 12-inch not more than 
a inch scant of specified width, 

14. Yellow pine of better grade than No. 1 common up 
to 4 inches in width ts classified according to grain as edge 
giain and flat grain. Edge grain yellow pine has been vari- 
ously designated as rift-sawn, straight grain, vertical grain and 
quarter- sawed, all being commercially synonymous terms. 
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Edge grain stock is specially desirable for flooring, and admits 
"o piece in which the angle of the grain exceeds forty-five 
Hegrecs from vertical, thus excluding all pieces that will sliver 
orsl)ell from wear. Such stock as will not meet lliese require- 
ments is known as flat grain. 

15. All dressed and matched stock shall be measured 
And sold "strip count," 1. «., full size of rough strip fiom 
n^hicb such stock is made — 3, 4, 5 and 6 inches wide. 

16. The foregoing general observations shall apply to anil 
gorem the following detailed descriptive enumeration of 
recognised grades. 

147. Rulea for Qrading Finishing Lumber. The 
following rules for grading apply to all kinds of finishing stock, 
vvheiber for interior or out-door work. In these rtiles such 
expressions as "S. i S."or "S. z S." mean "surfaced one side," 
c»r"«urfacedtwosideB," respectively. Also "S. 1 S. i E." will 
b« understood to mean "surfaced one .side and one edge." By 
Kutfkcing is meant planing or running it through a planing 
xxnchtne. It may still require hand dressing for the best work, 
^^tarly all aaw mills now dry their lumber and run it through 
tbe pisner, in order to save the extra freight oil the rough 



d green 



lumber. 



(Grades: First and second clear; third clear; barn and 
»"cwfing stocks). 

17. J-irsl and Second Clear J^inisi, i inch, S. i or 1 

''^-. up to and inchiding 10 indies wide, must show one face 

cleir from all defects; 33 ^^ per cent, of any shipment of 13 or 

'•{ inches wide will admit tuo pin knots or one standard knot, 

^'ght pitch strexk, or &mall pitch pocket, or sap stain not over 

* a Inches wide running across the face, or small kiln or 

•5**wing checks, but no two of these defects shall appear in a 

"igle piece ; t6 inches wide will admit of two defects allowed in 

'3-inch or their equivalent. Wider than i6-inch will admit 

l^^portionately more defects. Pieces otherwise admissible in 

^^'nich the point of the grain has been loosened or slivered in 

'{'■easing on the face siTle should be put in lower grade. Defec- 

J*Ve dressing or reverse face of finishing is admissible. In case 

"***h fnccs are desired clear special contract must be made. 

iS. 7>i(W C/car J^iuisA, i inch, S. i S. or 3 S., up to 
•"d lucluding 10 inches in width, may have not more than two, 
?^ the following defecta on best or face side: Three pin knots 
hlbuiilard knot : three sap stains 2 inches wide running across 
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ralent; two pitch pockets: slight pitch 



V streaks, should be 



ear, second 
1 manufac- 



streaks, kiln or seasoning checks ; torn places, and wane which 
does not enter more than i inch, nor extend more than 2 feet; 
i3-inch will admit three of the above defects, or their equiva- 
lent. This grade is suitable for paint finish. 

19. ij{, i>^ and 2 inch, S. i or 2 S., shall lake i inch 
inspection, and unless otherwise agreed between buyer and 
seller, shall be subject to inspection on face or best side only. 

20. Barn and novelty siding, shiplap and grooved roofing 
shall be S, 10 and 12 inches wide, and consist of boards falling 
below third clear which are sound and water-tight, free from 
coarse knots and wane over i inch wide extending more than s 
feet in any piece. Pitch, except in narro' 
excluded. 

21. Edge-Grain Flooring. (Grades 
clear). First clear edge-grain flooring mi 
tured, and free from all defects on face side o! strip. 

22. Second clear edge-grain flooring will admit of three 
pin knots or one standard knot, or small pitch pocket, or blue 
sap stain not to exceed 10 per cent, of the face. 

23. Flat-Grain Flooring. (Grades: A flat, B flat). 
A flat flooring may contain two pin knots or one small 
pitch pocket, but shall be free from other defects, and must 
be welt manufactured. Pieces in which the point of the 
grain has been loosened in dressing should be put in lower 
grade. 

24.. B flat flooring may have any two of the following 
defects: Three pin knots or one standard knot, slight sap stains, 
small pitch pockets, slight torn places and defects in manufac- 
ture, narrow pitch streaks and seasoning checks. When all 
other defects are absent, blue sap stain in any quantity shall be 
admitted. 

25. CornmoH Flooring. (Grades: No. i common, No- 
2 common). No. 1 common flooring must be manufactured 
from sound stock. In addition to the defects described in B 
flat, also admits of sound knots, blue sap and firm red heart in 
any quantity, pitch and slight shake, but must lay without 
waste. No division as to grain is made in this grade. 

26. No. 2 common flooring includes ail pieces that will 
not grade No. I common which can bp laid without wasting 
more than one fourth the length of any piece. This grade will 
admit imperfections which do not render the piece unfit for use 
in cheap floors and roof sheathing. 

37. Center-matched flooring shall be required to come up 
to grade on one face only. 

aS. Ceiling. (Grades: A, B, C). A ceiling shall be | 
free from nil defects on face side and well manufactured. ; 
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I 19. B ceiling will ndmit slight imperiectioDs in dressing — 

rhrfe pin knots or one stnnilard knot, pitch strenks or small 
pitcii pockets, or blue sop stain not to exceed 10 per cent of the 
face; but not more than two o( these defecis to be admitted in 
■ny piece. 

30. C ceiling conforms to grade of No. 1 common flooring 
i>ail is suitable for paint finish. Will admit imperfections that 
do not prevent its use without waste. 

ji. Wagon Bottoms. (Grades: A, B). Wagon bottoms 
shall be grndcd the same as flat grain flooring. 

33. Bevel and Drop Siding. (Grades: A, B and C). 
Shall be graded Recording to ceiling rules, but will admit more 
blue stain, and, except in C grade, should exclude pitch. Slight 
Atliiitiooal impcrfi^ctions on the thin edge of bevel siding which 
will be covered by the lap are admissible. 

33. Partition. (Grades: A, B and C). Partition shall 
conform to ceiling grades, but must meet the requirements of 
the specified grade only on one face. The reverse face shall 
not be more than one grade lower, 

34. Molded Casings and Base. (Grades: First clear, 
*e<ond clear). First clear shall be free of all defects on face 
and perfect in manufacture. 

35. Second clear is suitable for work that is to receive a 
paint finish, and usually consists of rejections, made after 
dreising, from stock inspected in the rough as first de.ir. The 
'lefecti admitted in B ceiling would he allowed. 

148. Rules for Grading Oommon Boards and 
Hough Lumber. 

COMMON BOARDS AND SHIPLAP. 

36. No. I common boards, S. i S., and No. 1 common 
■faiplap shall be manufactured from sound stock, of even tbick- 
*»«« Ibe entire length. Will admit of any two of the following 
defects; Wane one half inch deep on edge and one si?«th the 
length of any piece ; tight sound knots, none of which shall be 
■arger than three inches in diameter, or equivalent spike knots; 
OTIC split not more than sixteen inches long, and blue sap. 

riitse boards should be firm and strong, suitable for use in all 
•^rdiniiry construction and serviceable without waste. 

37. No. 3 common boards and No, 2 common shiplap 
"'Jiait pieces that fall below No. i common which are free 
(•■om the following defects: Rotten streaks that go through 
Jj'* piece, through heart shakes which extend more than one 
"»!f the length of the piece, and wane over two inches wide 
<^«ecJing one third of the length of the piece. A knot hole 
'M ladles in diameter or its equivalent will be allowed, pro- 
viJedtlie piece would otherwise grade No. i common. Worm 



EHGIKEERING SPECIFICATIOKS. 



jS. No. I common fencing must be manufnclured from 
sound stock. May conlain sound knots equal in diameter to 
not over one third the width of piece at any given point 
thioiighoiit its length, but must be free from spike knots the 
length of which is over one half the width of piece. Also, free 
from wane over one half inch deep on edge and one half the 
length of any piece measured on one side. This grade must 
work its full length without waste. 

jc). No. z common fencing shall admit of pieces that fall 
below No, I common which are free from through rotten 
streaks. 

40. Miscut I inch stock in boards .ind fencing which does 
not fall below ^ inch thick shall be admitted in No. 3 com- 
mon, provided that the grade of such thin stock is in all other 
respects as good as No. i common. 

□tHENSlON s, I s. I F.. 

41. iVo. / Common Ditnetision shall be manufactured 
from sound stock, and be free from loose and unsound knots, 
and large knots so located as to materially impair the strength 
of the piece; will admit of seasoning checks and heart shakes 
that do not go through, of slight wane and such other defects 
i.s do not prevent its use as substantial structural material. 

42. No. 2 Common Di/nension admits all pieces falling 
below No. I common which are free from through rotten 
streaks, and sound enough to be used without waste. 

45. Miscut 2 inch stock which does not fall below 1^ 
inch shall be admitted in No. z common, provided that the 
grade of such thio stock is in all other respects as good as No. 



44. In boards, fencing and dimension, stock falling below 
No. 2 grade and excluding dead culls shall be classed as No. 3. 

45. Dressed timbers shall conform in grade to the speci- , 
fications applying to rough timbers of similar size. 

ItOUGH YELLOW PINE FLOORING STRIPS AND FINISHING. 

46. Flooring strips arc 3 inches, 4 inches, 5 inches and 
6 inches wide when green; square-edged and evenly manu- 
factured. 

47. Finish must be evenly manufactured, and shall 
embnice all sizes from 1 inch to 2 inches thick by six inches 
and over in width. 

48. No finishing lumber, unless otherwise ordered, should 
measure when dry and rough less than ^ inch scant in thick- 
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ness. No piece in nny shipment of boards and strips shall be 
more than ^ inch Bcant on 6 and S inch stock, }i inch scant 
oa lo and ^ incliea acant on 12 inch and wider stock. 

49. Wane and seasoning checks that will dress out in 
-vrorking to standard thickncsfics and widths are admissible. 

50. Subject to the foregoing provisions rough finishing 
shall be graded according to the specifications applying to dress 
finishing. When like grade of both faces is required special 
contract should be made. 

COMMON BOARDS, FENCING AND DIMENSION. 

5 1 . Rough Common Boards and Fencing must be 
evenly manufactured, and should not be less than ^ inch thick 
when dry, nor more than Ji inch scant of specified width. 

52. Rough 3 inch Common shall be evenly manufactured 
and not less than 1^ inches thick when green, or if^ inches 
tliick when dry. The several widths must not be less than ^ 
inch over the standard dressing width for such stock. 

53. The defects admissible in tough rock shall be the 
some as those applying to dressed stock of like Itind and grade, 
but such furtlier defects as would disappear in dressing to 
standard size of such material shall be allowed. 

54. Rough timbers 6x6 and larger shall not be more than 
_J^ inch scant when green and be evenly manufactured from 
^ound stock with not less than three square edges, and must be 
free from knots that will materially weaken tlie piece. 

5g, Timbers toxio in size may have a 2 inch wane on 
one comer, or its equivalent on two or more corners, one fourth 
Che length of the piece. Other sizes may have proportionate 
«3efects. 

i;6. Seasoning checks, and shakes extending not over one 
eighth the length of the piece, are admissible. 

H9. Standard DimenBionB of the Southern 
Lumber Manufacturers' Association. * 

Flooring. The standard of 1x4 and 6 inch shall be 
%\^%% and 5J^ inches; \% inch flooring, i^ inches. 

Ceiling. j4 inch ceiling, ^ inch; J4 inch ceiling, 
(^ inch; Ji inch ceiling, ,^ inch; "^ inch ceiling, \\ inch; 
"«He width as flooring. 

Finishing. I inch, S i S or S 2 S, to f|; i Jf inch, 
S I s or S 3 S, to I ;^ inch ; i ^ inch, S i S or S 2 S, to 
' \ \ inches ; 3 inch, S I S or S 2 S, to J |^ inches. 

Boards and Fencing, i inch, S i S or S 3 S, to 13-16. 

f^^g. Tint* pirUculnr din.eo»ion« i-n nol be uiumcil to hoJd tot nil p&ru of Llii 
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Dimension. 3Xi, S i S i E, to i^^x^}^ inches: 3x' 
S f S I E, to i^xSJ^S inches; 2xS. S i S i E, i^x-jM inches 
ixio, S I S I E, to 1^8x9^ inches; 2x12, S 1 S t E, 
ij^xiij^ inches; 4x4, ?i inch off sific and edge; 4x4, S 4 * — ;, 
% inch off each side. 

149a. Rules Q-overning the Inspection aia- d 
Measurement of Lumber in the St. Louis Market. 

Rule i. Standard grades of lumber shall be firsts 
seconds, common, and cull. In the grade of firsts and secon ^s 
the purchaser is entitled to a fair proportion of clear lumb^^r 
which must not be less than 33}^ per cent. First and clear a».n 
interchangeable terms meaning that the lumber must bt ( 
inqhes wide and over, except poplar, yellow pine and cypre ^Bt 
which must be S inches wide and over, and free from all defe^ ts, 

Rur.E 2. Standard lengths shall be 10, 12, 14, and if 
feet. The first and second grade will admit nothing under 10 
feet and not to exceed lo per cent of 10 (eet in any lot; i. <■■. 
lojper cent of all lo-foot lumber in any lot may be graded ns 
firsts and seconds. In black walnut, chen'y, and hickory an ^s*- 
ception is made, and the total amount of lo-foot lumber ir^ay 
be graded as Rrsts and seconds. An exception is also mad^ ia 
ash, in which iS feet or longer, and in qunrter-sawed luoiT^'' 
10 per cent of the entire lot may be graded as firsts and ^<c- 
onlls. Shorter and longer than standard lengths in all varieriu 
ofjhardwood lumber are to be reduced in grade unless ott»*'^ 
wiee agreed between buyer and seller, in which case it sbsU be 
BO [stated in the certificate of inspection, 

Rule 3, Standard thicknesses shall be i, ij{, i}4«'t 
2J4, 3, 3)^ and 4 inches, except poplar, which will allow ^« 
J^iand J^ inches in car lots. 

I Rule 4. Standard knots shall not exceed t^ incbes i*i 
diameter and must be of sound character. 

' Rule 5. Lumber must be sawed into plump and eve» 
thicknesses. Scant-sawed lumber must be reduced to tlie oC* 
6t:Jndard thickness, and in case of i-inch lumber to one gf*^' 
lower. All badly sawn, miscut, and uneven lumber shall *^* 
cldssed as cull, except when such will dress to its full leOl 
and width in the next standard thickness, in whicl' 
piece shall not be reduced in grade. 
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Rule 6, Splits are always more or less damage to a piece 
of lumber. An allowance must be made in determining the 
quality or quantity, according to the nature of the split. A 
straight split extending uot to exceed the width of the bourd In 
length shall be admitted into the grade of firsts and seconds. 

Rltle 7. A cull which will not work one half its size 
without waste is a mill cull of no recognized value. 

Rule S, Lumber sawed for specific purposes, such as 
axles, bolsters, tongues, reaches, newels, balusters, squares, 
etc., must be inspected with a view to the adaptability of the 
piece for the intended use, as in many cases it can not be used 
for other purposes. 

Rule 9. Merchantable lumber is lumber measured for 
what it will work. 

RlTLE 10. Log run is the entire cut of the log, mill culls 
out. 

Rule it. It is important that all lumber shall be parallel 
in width, square-edged, and with square ends. 

Tapering lumber shall be measured one third the length 
from the small end. 

Rule 12. Ordinary season checks are not considered de- 
fects. Black stain, heart shakes, rots, wormholes, and dote are 
considered serious defects, reducing lo a grade lower than firsts 
Uid seconds. 

Rule 13. The inspection grades of wagon stock, newels, 
balaaters, and table-legs shall be good and cull. 

RlTLK 14. Newels from all kinds of limber must be clear 
nd free from heart, to square 5, 6, 7, S, 9, and 10 inches 
^mp. The lengths must be 4 feet full, or multiples thereof. 

Rule 15. Balusters and table-legs shall be clear and 
iqaare 2x2, 2^x23^, 3x3, and 4x4, 30 and 32 inches long. 

Rule 16. Bolsters must be 4 feet and 4 feet 6 inches in 
leagA, ajid the size must be 3x4, 3^2x4^4, 4x5, ^l4^S''^> •'""^ 

Rtn.B 17. Reaches must be 2x4, S, 9, and 10 feet, or 
*XmK< I^' »"■] 16 feet long. 

RiXK i5. Hickory axles shall be 6 feet for 3x4, 3J^X4^, 
3S*4)^< "'"^ 4^5 inches, and (>% feet long, for 5x6 and 5x7. 

RuLS 19. Wagon tongues must be straight and 2x4 at the 
•mill end, and 3x4, 35^x4, or 4x4 at butt end, 12 feet lon^. 
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The inspection grades shall consist ol Jirsts and seconds. 
ind culi. 

F'irsts and Seconds shall be 8 wide inches and over; at 8 
inches will admit of i inch of bright sap, but no other defects; 
at lo to 12 inches will admit of 3 inches of bright s»p, or two 
standard knots; at iz to 15 inches will admit of 4 inches of 
bright sap and two standard knots, or three standard knots if 
there is no sap. 
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Boards and plank free from other defects may be one half 
bright sap if over 12 inches wide. 

Common shall include any width not less than 6 inches, 
and will allow of bright or discolored sap and knots beyond 
those described in firsts and seconds. Two unsound standard 
knots will be allowed in this grade if over 11 inches vride, and 
splits shall not be considered a defect. Otherwise the lumber 
must be sound. 

Culls shall comprise all widths and sizes having more de> 
fects than described in common, whether in the number or in 
the character of the knots, badly checked, and generally such 
lumber as is unfit for ordinary purposes. 

Box boards shall be 12, 14 and 16 feet long, from 13 to 17 
inches wide, free from all defects except bright sap. 

Poplar sMps hhaW be full 6 inches wide, i, i.'a'.and I J^ 
inches thick, la. 14, and 16 feet long. Clear shall be free from 
all defects. Second clear may be one half bright sap on ore 
side and have one sound knot not over ^ of an inch in diame- 
ter. Common shall embrace all sound strips with more defects 
than second clear. Cull shall contain all unsound strips that 
will work one half its contents, and all tapering strips. 

Poplar sipiares shall be graded No. I, No, 2, and culls. 

No. I. Lengths may be S, 9, 10, 12, 14, 16, and 18 feet. 
11 admit one half inch bright sap, or two standard knots. 
5x5, 6x6. and 7x7 will admit one third bright sap or two stnnd- 
ard knots. SxS, 10x10, and 12x12 will admit one half bright 

and three standard knots. 

No, 2 will admit colored sap knots of a sound character, ( 

B, ordinary season checks, and splits not to exceed 12 
inches in length. 

Ck// shali comprise all squares below the grade of No. 2. 
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Firsts and Seconds must be 6 inches wide and over. At S 
inches one and at lo inches two standard knots, or their cquiv- 
alenl in other defects may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 
width. Eighteen feet or longer must be 5 inches or over wide. 

Common shall include 5 inches and over wide. At 6 
inches one, and at S inches two standard knots, or their equiv- 
alent in other defects, may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 

width. 

Cuil shall comprise all widths and sizes below the descrip- 
tion of common. 

OAK. 

Firsts and Seconds must be6 inches wide and over. At8 
inches one, and at 10 inches two standard knots, or their equiv- 
alent in other defects, may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 
width. 

Common shall include 5 inches and over wide. At 6 
inches one, and at S inches two standard knots, or their equiv- 
llrat in other defects, may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 
width. 

Dimensions may contain sound hearts if well boxed. Heart 
■bikes, rot, and dote are not admissible. 

Call shall comprise all widths and sizes below the descrip- 
ttonof common. 

YELLOW PINE. 

Finishing; i to 2 inches. 

The inspection grades shall consist of firsts and seconds 
ammon and cu/l, and shall be inspected on best face. 

Firsts and Seconds must be 8 inches wide and over ; up to 
■nd including lO inches wide will admit two sound knots not 
Werjf of an inch in diameter; at 12 inches will admit three 
tODDd knots not over ^ of an inch in diameter, or one standard 
iinot. An allowance for more defects of this character may be 
made for increased widths. Bright sap is not considered a 
'IcfecL 
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Common shall include all lumber not up to the grade 
firsts and seconds, but free from shakes, large knots or uoaoun. ^ct 
lumber. 

Culls shall comprise all lumber below the description ci»f 



Slrips shall be 4 inches and 6 inches wide. 

J-'irsls and Seconds must be free from all defects on oe:^ 
side. Bright sap is no defect. 

Common may have three small knots not more than ^ » 
an inch in diameter, or one standard knot, blued sap or sma^b- 
wane on one edge which will not injure it for working to S^ 1 
full size. 

Culls shall comprise all lumber below the description -^ 

ftUARTER-SAWED HARDWOOD LUMBRIt OAK. SVCAMORE, KT « 

Firsts and Seconds must be 6 inches wide and over. -^^ 

7 inches one, and at 9 mches or wider two standard knots w^ J 
be allowed. 

Common shall be 3 inches and over wide. At 6 inc!^»- • 
one, and at 8 inches two standard knots, or their equivalent ' 
other defects, will be allowed. An allowance for more Acie^= 
of this character may be made in proportion to increased widKr * 

Cwlh shall comprise all lumber below the description * 
common. 

QUARTEK-SAWKD OAK STRIPS. 

Quarter-sawed oak strips shall be 3, 4, and 5 inches wIS ' 
and the inspection grades shall hejirsls and seconds and tu^-' 

Pirsis and Seconds shall have one face clear of all defec*^ * 
Cull shall include all lumber not up to the grades of firsts «r"* 
seconds. 

BLACK WALNUT, CHERRY, BUTTKKNUT AND CHESTNOT. 

Firsts and Seconds must be 6 inches and over wide. -^^ 

8 inches one inch of sap or one standard knot, and at jo inel-»* 
two inches of sap or two standard knots may be allowed. .^^ 
allowance for more defects of this character may be made 
proportion to increased width. 

Common shall be 3 inches and over wide and shall incli* ^ 
all lumber not up to the grades of firsts and seconds, but a 
able fully ^ Us size without waste, free from hearts and ' 
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flOnnd lumber. Heart shukes, rot, dote, or w'orm-'holes tire not 
admissible. 

Culls sbali compnBc all lumber below the description of 
cotnmon. 



NOTI 
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pirsts and Seconds must be t> inches and over wide, and 
clear up to lo inches; at lo to 13 inches may have two stand- 
ard knots and 3 inches of bright sap. An allowance for more 
defects of this character may be made id proportion lo increased 
width. Free from other defects may be one half bright sap. 
Lengths of 18 feet and over nre allowed in this grade. 

Common will contain all lumber under second class, and 
all sfaaky lumber that ts available three-fourths. 

Culls shall comprise all lumber below the description of 
common. 



I^irsts and Seconds must be 6 inches wide and over. At 
S inches may have one standard knot, and at 10 inches two 
standard knots; 10 to 12 inches may have three standard knots. 
An allowance may be made for more defects of this character 
in proportion to increased width. Sap not admitted in this grade. 
Common shall include all lumber available for use full 
thtte-fourtbs its size without waste, free from hearts and un- 
■onnd lumber. Bright or slightly discolored sap may be included 
in Ais grade. 

Culls shall comprise all widths and sizes below the descrip- 
tion of common. 

BiRCK. 
Pints and Seconds must be 6 inches wide and over. At 8 
incbes one, and at 10 inches two standard knots, or their equiv- 
alent in other defects, may be allowed. An allowance for other 
ilefects of this character may be made in proportion to increased 
widths. Seventy-five per cent of the face must be red. 

Common shall be sound 5 inches and over in width, and 
may have defects not injuring it for ordinary use without waste. 
At 6 inches one, and at 8 inches two standard knots, or their 
equivalent in other defects, may be allowed. An allowance 
tor more defects of this character may be made in proportion 
(fi increased width. 

Culls shall comprise all widths and sizes below the descrip- 
tion of common. 

aiCKORY, PECAN, HARD AND SOFT MAPl.E, ELM, BEECH 
AND SYCAMORE. 

To these the standard rules governing Ash are applicable. 
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'HULE FOR MEASURING LOGS. 

All logs measured by the authority of this Ejcchange shall 
be measured by Scribuer-Doyle's Rule, fts published in Scrib- 
ner's Lumber and Log Book. 

160. Specification for Thoroughly Seasoned 

Lumber. There is no difference between "seasoned" lum* 
ber and "dried" lumber. "Thoroughly seasoned" or "thor- 
oughly dried" lumber is lumber which has been dried, eitherin 
the open air or in a dry kiln, until it has reached that state of 
dryness which is relatively permanent. It then contains walcr 
equal to about ten per cent, of its weight. This U what might 
be called the atmospheric moisture. This will remain in the 
wood unless driven off by evaporation at a temperature oiiii 
degrees Fahrenheit or more. The word "thoroughly" when 
used in this connection, means "uniformly" as well as "effect- 
ually." That is, "thoroughly dried" lumber is dried uniformly 
throughout its entire cross-section and throughout its enlifc 
length. 

To determine the percentage of moisture of lumber it >* 
only necessary to cut a section from a board or stick and neigb 
it; then dry in an ordinary stove oven with a glow fire for a** 
hour or two and then weigh again; the difference in weight 
divided by the dry weight is the percer.tage of moisture. As 
determined by this test, "thoroughly dry lumber" shouW "O' 
contain more than ten or twelve per cent, of water, and t^ 
interior should be as dry as the exterior. 

The necessity for using thoroughly dried lumber wb*** 
shrinkage is to be avoided, arises from the fact that ie/av abtf* 
JO per cent, moisture lumber shrinks nearly as mucA as 
dries. That is to say, when lumber dries down from 30 p*' 
cent, moisture to 10 per cent, moisture it dries out, or lo^^* 
in weight, 20 per cent, of its dry weight. It also loses about 
per cent, of its dry volume, or say 15 per cent, of its volume 
30 per cent, moisture. The shrinkage lengthwise is very ati 
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hence il hsis lost about 15 per cent, of its cross-section, or say 
six or seven per cent, of each of its lateral dimensions. That 
is to say a board one foot wide at 30 per cent, moisture is only 
about II ffi inches wide at 10 per cent, moisture; or a floor- 
ing bo.ird 4 inches wide at 30 per cent, moisture is only about 
3-% inches wide at 10 per cent, moisture. On account of the 
very large radial fibres (medullary rays) in oak wood, this 
kind of lumber shrinks mostly in a circumferential direction, 
ind all timber Ebrinki more circumferentially than radially 
■ifice all woods have these medullary rays to a greater or less 
eilent. It is for this reason that "quarter sawed" (radial 
(itved) lumber is more satisfactory than "flat sawed" for all 
kinds of furniture and house trimmings. For flooring quarter 
uwed, or "rift sawed" boards, presenting an "edge-grain" 
«if>ce, is far preferable to "flat-grain" because it wears evenly 
«id does not sliver on the surface. 

The specification may read as follows; 

All the lumber delivered under this contract, to be used 

for purposes of , shall be thoroughly seasoned or 

dried, either in the open air or in a kiln or bolh. By "thor- 
oughly seasoned" as here used is meant a seasoning or drying 
nniformly throughout the entire sections of the various sizes 
delivered, and the average percentage of moisture contained in 
ibe lumber when delivered shall not be more than ten per cent. 
, ofiu weight, as determined by actual experiment. 
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161 . Specification for Cast Iron. There is prob- 
•Uy no material in engineering structures which can more 
pwfitibly be governed by specifications involving tests than 
cut iron. Since cast iron usually breaks under some kind of 
ikock or blow, it is more necessary to test the iron for resilience 
''Mil for strength. The most convenient test for resilience is 

Y.i(*r«/*o/To»j(--BV/iflB foi a full deicrlplionof nie.liodi oi 
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the crosa-bending test, in which deflection is measured. Th 
half pi'oduct of the deflection multiplied by the breaking load 
is the mathematical measure of the resilience in inch pounds. 
Tbis can be reduced lo an absolute unit by dividing by either 
ihe weight or the vohime of the bar, and if all the bars tested 
ill this way ore rectangular in cross-;ection and of uniform size 
from end to end, the unit obtained in the above msnner wH 
be comparable, notwithstanding g^eat variations in tlic dimen- 
sions. It is best, however, to have the test specimens alvraya 
made from the same pattern, using the thickness of metol 
which corresponds closely to the average thickness of web c»l 
the castings required. If uniform test specimens be employed. 
there is no necessity of dividing the half product of deflectiiyx 
and breaking load by the volume or by ihe weight, since th »' 
volume or weight remains a constant. In this case the relalii"" ^ 
resilience of the material will be indicated by the product ^^ 
the breaking load into the maximum deflection. The straig l - ^ 
of the material will be indicated by the breaking load aloac. 

The following specification is the one commonly employe^ 
for all castings made for the water department of Si, Loei^ 
and is designed to answer the above requirements. 
Cast Iron. 

All of the iron castings shall be made from a super*' 
quality of iron, remcltcd in the cupola or air furnace, tou^V 
and ot even grain, and shall possess n tensile strength of ni^ ' 
less than iS,ooo pounds per square inch. 

Test bars of the metal 3 inches by J^ inch, when brokt*^ 
transversely, iS inches between supports, and loaded in lii' 
center, shall have a breaking load of not less tlian i ,000 poitnil 
and shall have a total deflection of not less than 3-10 of 3 **■ ' 
inch before breaking.* Said bars to be cast as near as posj* "* 
ble to the above dimensions without finishing; but correct"* " 
will be made by the water commissioner for variations in tltit)^ 
ness and width, and the corrected result muiit conform lo sboi" 
requirements. 
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Specimen bnrs of the metal used, of a size and form suil- 
alile for testing, shall be prepared when required. 

These Epecimen bars shall be poured from the ladle at 
any itine, either before or after the casting has been poured, 
as may be required, and shall present a true specimen of the iron 
used for making the castings. 

If Mny two test bars cast the same day show a breaking 
strength of less than iS.ooo pounds per square inch, or do not 
9how the required cross-breaking load and deflection, all the 
castings made from the same mixture to be rejected. 

All castings shall conform to the siiape and dimensions 
required by the drawings, and shall be clean and perfect, with- 
out blow or sand holes, or defects of any kind. No plugging 
or other stopping of holes will be allowed. 

Particular care shall be taken to secure perfect lugs, where 
such ore required by tlie drawings. Whenever any doubt 
exists of die exact interpretation a$ to the shape or dimensions 
*hown on the drawings, the contractor must consult with the 
wutcr commissioner, or bis duly authorized agent, in regard 
Ittercto. M, L. H. 

152. Specification for Wrought Iron. Since the 

cost of the manufacture of soft and mild steel has been so 
greatly reduced as to enable this material to compete in price 
with that of wrought iron, the wrought iron mills have been 
driven to cheapen their product, and Uiey do this by hurrying 
^c metal through the puddling process too rapidly. The 
'csult is that whereas steel has been constantly improved for 
Structural purposes wrought iron has constantly degenerated, 
" is necessary, tlierefore, now to examine and test the wrought 
Ton very rigidly to insure against obtaining a comparatively 
"^orltiless product. It is thought the following specification is 
'MfTicient for this purpose, provided it is followed up by suitable 

Wrotighl Iron. 
All wrought iron used must be tough, ductile and fibrous, 
"^ a uniform quality, free from crystalline structure, cinders, 
[Uivs or cracks. In bars, it must have an ultimate strength of 
i,^,Ooo pounds per square iuch, with a6,ooo pounds elastfc 
, "ill and an elongation of 25 per cent, in eight inches. Angle 
""^n must have an ultimalc strength of 48,000 pounds per 
'^»aare inch, 14,000 pounds elastic limit, with zo per cent, 
tlongalion in eight inches. A. P. B. 
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153. Specification for Structural Steel.* While 

ordiiiai'ily it is not wise for a civil engineer to specify methods 
of manufacture, the author of this work believes that it is advis- 
able in the case of structural steel to limit the manufacture to 
the open-hearth process, and also to limit the product to thai 
supplied by the manufacturers of established reputation. It is 
now an easy matter to obtain any desired grade of structural 
steel from that having a strength of 55,000 pounds to that hiiv- 
ing a strength of 70,000 pounds, wherein the ultimate elonga- 
tion of a test specimen eight inches in length will be from 33 
per cent, to 35 per cent, for the softer grades, to so per cent, 
or 35 per cent, for the higher grades. It is important also 10 
limit the phosphorus, as this produces brittlencss. The best of 
this material can be bent cold upon itself and mashed flat with- 
out showing signs of failure up to a thickness of plate of ^ of 
an inch. Steel manufactured by the open-hearth process is 
usually more uniform in character, and if care is taken in its 
manufacture as is necessary under rigid specifications, it is 
always possible to obtain the desired results. The following 
specification is probably fully up to the present practice in this 
direction. 

All steel used shall be open-hearth, made at works of 
established reputation, and which have been successfully man- 
ufacturing steel for at least one year. All melts must be made 
from uniform stock in which phosphorus shall never exceed 
eight hundredths of one per cent. A sample bar must be 
rolled from each melt, of three quarters of an inch an diameter. 
the method of obtaining the same being uniform for all melts. 
Tests upon such samples to be made without annealing. Tests 
shall also be made upon specimens cut from the finished 
product. The throe- quarter-round tests must conform to the 
requirements hereinafter given, and the finished product tests 
cut from shapes and plates must conform to the same within 
four per cent. Every piece of steel shall be stamped with a 
number identifying the melt, and a full record of all laboratory 
tests kept. Three qualities of steel will be required. 

J^irsi — For the main trusses, floor beams and stringers 
and cross girders, exhibiting-an ultimate strength of sixty-three 
to seventy thousand pounds per square inch, a minimum 
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elutic limit of thirty-seven thousand pounds per square inch, 
wJtb sn elongetion in eight inches of not less thnn twenty-two 
per cent., and a reduction of area of not less than forty-four 
per cent. 

Second — For buckle plates, caisson plates, rivets, or where 
WTought iron is permiited (and in lieu thereof), a steel having 
an ultim.tte strenglh not exceeding sixty-two thousand pounds 
per square inch, or less than fifty-five thousnnd pounds, with 
fifty-eight per cent, elastic limit, a reduction in area of fifty 
percent, and an elongation in eight inches of twenty-eight per 
cent.* 

Third — For wheel treads of track circle in turn-table, a 
steel having an ultimate strength of from seventy thousand 
to eighty thousand pounds per square inch, with sixty percent. 
elastic limit. 

The first tivo steels to be subject to bending test, before 
nnd after qoenching, and the niclnl when coid must bend one 
hundred and eighty degrees upon itself without sign of fracture 
in convex side. Specimens must withstand such punch, drift- 
ing, and forge tests as may be required to test soundness, tem- 
per and ductility. 

All metal, whether steel or iron must be clean rolled, 
»nd any imperfect work, such as ragged or cracked edges, sur- 
l«ce Imperfections, or imperfectly rolled shapes, will be suffi- 
cient cause for rejection, Mateti.ils will be also rejected varv- 
*1g more than two and one half per cent, from weights or sizes. 
A. P. B. 

164. Tests, Inspection, and Acceptance of 
Mediam Structural Steel. The following specilications 
^*ere prepared in 1S95 for the Northwestern Elevated Railroad 
**' Chicago, and represents the latest and best American prac- 
tke: 

All steel shall be manufactured by either the acid or the 
°*aic open hearth process, preference being given to the former, 
*»»I must be uniform in character for each specified kind. Any 
^tlcmpl to substitute Bessemer or any other steel for the open 
■**at1h product, will be considered as a violation of the contract, 
**W » good and sufficient reason for canceling the same. 

U is understood also that, if the contract be let on the 
***ti) of tising acid open hearth steel, no basic open hearth 
p«el will be permitted to be employed in any part of the work ; 
*''»t, it the contract be let on the basis of using basic open 
steel, the employment of the acid open hearth product 
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will be permitted whenever the contractor may desire to use it, 
provided, of course, that it comply with these specifications. 

The maximum limits for phosphorus shall be as follo«s: 

For acid open hearth steel, eight hundredlhs of oue per 
cent. (0.08 percent.). 

For basic open hearth steel, five hundredths of one per 
cent. (0.05 per cent.). 

Each ingot which is cast shall be stamped or marked 
plainly with its proper melt number, and this melt number 
must br stamped or painted plainly on ail blooms, billets or 
slabs made from such ingots, in order to identify the material 
throughout its various processes of manufacture; and the 
proper melt number together with the furnace heal number 
must be stamped plainly on each piece of finished material. 

Al! finished material must be free from injurious seams, 
flaws or cracks, and must have a clean, smooth finish. 

AH slabs for rolling plates must be hammered or rolled 
from ingots of at least twice their cross section. 

Test Bars. 
The tests shall be made in the fdllowing manner: 
The tensile strength, limit of elasticity and ductility shall 
be determined from standard test pieces, not less than three 
eighths (Jfi) of an inch in thickness, and from full sized pieces, 
tooled to parallel sides. If the cross section be reduced, the 
tangent between shoulders shall be not less than eight (S) 
inches, and the area of the minimum cross section in either 
case shall not be less than one half (J^) of a square inch, and 
preferably not more than one and a half (ij^) square inches. 
When of a rectangular cross section, two opposite sides of the 
piece are to be left, if practicable, as they come from the rolls. 
but the finish of opposite sides must be the same in this respect. 
A full sized piece, when not exceeding the above limita- 
tions, may be used as its own test piece. 

Tensile Tests. 
The uliimafe tensile strength of all steel, except that used 
for rivets and adjustable members, shall be sisty four thousand 
(64,000) pounds per square inch. 

Steel for rivets and adjustable members shall have an ulti- 
mate tensile strength of fifty seven thousand (57,000) pounds 
per square inch. 

All lest bars must have a tensile strength within four 
thousand (4,000) pounds per square inch of that specified; and 
for medium steel an elastic limit not less than one half of tlie 
percentage of elongation not 

~ ■'" "■ '■ in pounds 

:a not less 



tensile strength of the lest bai 
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less than 1,500,000 divided by the tensile strength 
per square mch, and a percentage of redviction of ai 
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I itm 3,ocx>,ooo divided by the tensile Gtiength in pounds per 
sqaate tncl). Id dflcrmining llic ductility, the elongation shall 
be Rieflsured after breiiking on an original length of eight (8) 
inches, in which length raxat occur the curve of reduction from 
stretch on both sides of the point o( fracture. 

For rivet steel the elastic limit must not fall below thirty 
thousand (30,000) pounds, the elongation in eight (S) inches 
shall not be less than twenty-five (25) per cent., and the reduc- 
tion of area shall be at least fifty (50) per cent. 

All broken samples must show a siiky fracture of uniform 
color. 

SentitHg and Drifting Tests. 

Specimens of medium steel, when heated to a cherry red 
and cooled in water at seventy (70) degrees Fahreuheil, shall 
be capable of bending one hundred and eighty (iSo) degrees 
around n circle whose diameter is equal lo the thickness of the 
test piece, without showing signs of cracking on the convex 
bide of (he bend. 

Punched rivet holes in medium steel, pitched t\vo (3) 
diameters from a sheared edge, must stand drifting until their 
diameters are fifty (50) per cent, greater ih.in those of the 
on'ginal holes, and must show no signs of cmcking the metal. 

Specimens of rivet or soft steel shall be capable of bending 
cold to one hundred and eighty (iSo) degrees and closing 
down, flat, upon themselves without cracking. 

I Number of Test Pieces. 

At least three tests for tensile strength, etc., and three for 
bending shall be made on specimens from different ingots of 
each melt. These tests shall be made by the contractor with- 
out charge, and if ihe consulting engineer or his autliorizcd 
inspector be not satisfied that the tensile test correctly indicates 
the effect of the beating imd rolling, such additional tests for 
tensile strength, limit of elasticity and ductility, as he may 
desire, shall be made for him on test pieces conforming lo Ihe 
provisions n.imed above, at the rate of one dollar ($i.oa) each; 
or, if the contractor desire additional tests, lie may make them 
aihisoAn expense under the supsivision of the consulting 
engineer or his authorized inspector, the quality of the material 
I lo be determined by the result of all the tests in the manner set 
I forth in the following paragraph. If material of various shapes 
I '9 to be made from the same melt, the specimens for testing are 
J to be so selected as to represent the different shapes rolled from 
I such melt. 

I The contractor will be required to manufacture and test on 

jjiis own or some other testing machine, free of all extra charge 
f tjr either muterial or labor, a reasonable number of full-sized 
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details used in the design of the stmctiire. It is understood 
that no allowance will be made for the weight of any lert 
pieces, when the total weight of metal, for which the contractBt 
is to be paid, is computed by the consulting engineer. 

Acceptance and Rejection. 
Except for tensile strength, the respective rcquircmc- "nt 
stated are for an average of the tests for each ; and the lo^L: <: 
iiuished pieces from which samples were selected shall b 
accepted, if the tests give such average results; but, if any -^e: 
piece give results more than four (4) per cent, below ^ -aid 
requirements, the particular piece from which it was taken r^n: 
be rejected, but such tests shall be included in making tl 
average. If any piece have a manifest Qaw, its test shall ai 
he considered. For each piece thus giving results more tin: 
four (4) per cent, below requirements, tests from two ac^d 
tional pieces shall be furnished by the contractor wittm -"iiit 
charge; and, if in a total of not more than ten (10) tests, « 
(2) pieces (or for a larger number of tesis a proportional 
greater number of pieces), show results more than four ^4) 
per cent, below the requirements, it shall be cause for rejects inj 
the lot from which the samples were taken. Such lots shall noi 
exceed twenty (20) tons in weight; and plates rolled 10 
universal mill or in grooves, or sheared plates, shall each ^a^W 
slitute a separate lot, as shall also angles, channels or bcatnSB - 

Variation in li'eight. 
A variation in cross section or weight of rolled material of 
more than two (2) per cent, from that speciRed shall be ce«*"s 
for rejection, and no excess of metal above that computed from 
the drawings exceeding one (i) per cent, will be paid for. 
J. A. L. W. 

155. Specification for Riveted Work. The fol- 
lowing specification for riveted work in structural designing 
has been carefully drawn to give the highest possible efIicieP<^7 
and strength without causing extravagant expense. If "■* 
highest perfection in this kind of work is not required, sOt*** 
reduction iu cost can be effected, without materially lowcr«**8 
the standard, by punching to full size of hole all plates haV»"^ 
a thickness of 5^ of an inch or less, and for such pLitcs reso* 
ing to reaming only after the plates are assembled to secure * 
necessary coincidence of parts. For xll plates grenlcr thaf 
of nn inch in thickness (he holes should be pundied ^i O^M 
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inch le^s in diameter [hnn required, tlie parts tbeii :isscmbled 
and the boles reamed out to the required diameter.* 

After plates or bars are carefully sivaightened the rivet 
iioles will be accurately spaced, so (li.tt when members are 
brought into position, the holes shall be truly opposite before 
riv«ts arc driven. Drifting under no circumstances will be 
allowed. In steel work, for all thicknesses tip to three quarters 
of an inch, the rivet holes shall be punched one eighth of an 
incb smaller than the rivet required, the parts assembled, and 
the holes reamed out lo just pass the rivet before driving. For 
all thicknesses over three qunrters of an inch, punching will 
not b« permitted, and the holes must be drilled, parts assem- 
bled, and reamed as above. Reamed work is not required for 
lacing bars, transverse, diagonal, or lateral bracing, or for 
caissons, excepting the cross girders belonging thereto, and 
their connection to caisson sides. In the lattice girders for the 
web system of fixed spans, and plate girders of draw span, the 
sharp edges left by drilling or reaming to be eased oH before 
driving rivets. Surfaces in contact shill be thoroughly coated 
with boiled linseed oil and pure red lead before being assem- 
bled for riveting. Power riveting to be alone used wherever 
possible. All rivets to have neatly capped hemisphered heads. 
Tightening loose rivets by recopping or "setting up" will not 
be allowed ; they must be cut out and redriven, whether in shop 
or field. Every bnill member or girder must he true and out 
of wind, neatly finished to length, and field driven rivets of a!! 
main girder connections shall be laid out with iron templates 
^a^^ccuralely drilled so as to just pass the rivet cold. 

^^^06. Specification for Wrought Iron and Steel 
I^Biroad Bridge Superstructure. The specifications for 

iron and steel superstructures h.ive been undergoing gradual 
"Changes at the hands of the leading American civil engineers 
Jor many years. The changes have all been based on numer- 
ous experiments on full-sized bridge members and they have 
klwa^s leaned to the safe and conservative side. The fotlow- 
Uag specification is fully up to the best practice in the year 1S95 
^nd probably will not be varied much in the near future, .is to 
pilher materials or workmanship: 

e superstructure will consist o 



J fourti 






4 to 



1 panels of 30 feet each, and one c 
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tral panel of 20 feet, carried on a rim bearing turntable, ■ 
two spans each 330 feet long, divided into eleven panels of 30 
feet each. It will include the iron fence which sustains the 
ends of the ties. 

The trusses will in all cases be spaced zo feet between 

Full detail plans showing all dimensions shall be prepared 
at the expense of the coiitraclors under the direction of the 



ief engineer, these plans to be i 
standard practice of the chief engineer. 
The superstructure shall be propoi't 
lowing loads, 



accordance with the 



icd to t 



y the £oi- 






The actual weight of the structure l 
all other parts. 

A moving load of 3.000 pounds per lineal foot on b1) 
lengths exceeding 120 feet. 

A moving loud of 6,000 pounds per foot on a length not 
exceeding 20 feet. 

A graduated moving load' decreasing by 30 pounds for 
each foot from 6,000 pounds per foot on 20 feet, to 3,000 
pounds per foot on 120 feet. 

A concentrated load of 60,000 pounds upon a single axle. 

Provision shall be made for impact by adding fifty per 
cent, to the portion of the strain of the web members which Is 
due solely to variable load. 

The tension members of the trusses shall be proportioned 
on the basis of a strain of 20,000 per square inch for dead load 
and 10,000 pounds per square inch for live load. 

Stringers, floor Ijcama and other riveted girders shnll be 
proportioned on the basis of a strain not exceeding S,ooo pounds 
per square inch of net section. 



The 



lin allowed on mild steel 
square inch and the maxi- 
soft steel shall not exceed 
the length of the member 
;ast transverse dimension. 



shall not exceed 14,000 pounds per 

mum compression strain allowed 011 

10,000 pounds per square inch whei 

does not exceed sixteen times the 

these strains to be reduced in proportions which will limit the 

strain to 6,000 pounds per square inch when the length of the 

member is thirty times its least transverse dimension. 

In the draw, the turntable, eleven panels of each bottom 
chord, the four central posts, the eye-bars, the pins, and some 
details of the end lifting apparatus shall be of M steel. The 
coned wheels and the two principal pinions shall be of cast 
steel. The lower casting of the track and the center casting 
shnll be of cast iron. All other parts shall be of soft steel or 
of wrought iron at the option of the conti-actor. 

In the tlxed spans, the chords, end posts, eye-bars and pins 
shall be of mild steel. The expansion bearings shall be accord- 
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ing to (lie special provisions of tlie specificatioss. All othei 
parts &li»ll be of 6oh eteel or wrought irou at the option of tlu 
con true tors. 

STEEL. 

CAwrcj.— Steel will be divided inlo four classes: HM. Mj 
MS, nnd S, of which M and S will be standards, and HM a 
and MS intermediates, 

Class M will be known be medium steel, and will be used 
in those portions of everymember which constitute the calcu- 
Utcd seclion. 

Class S will be known as soft steel, and will be used for 
rivets, fences and the lateral rods of the floor system, 

HM and MS steel will be accepted for details and parts 1 
which do not form portions of the calculated sections. I 

MaKitfacture. — Steel shall be made by the open hearth ] 
process and no steel shall be made at works which have not 
been in successful operation for at least one year; but this pro- 
vision shall not be held to exclude new furnaces erected in con- 
nection with old works. 

If made in an acid furnace, the amount of phosphorus In 
t shall never exceed eight one hundredths o£ J 
being a maximum and not an average- 1 



the finished producl 
One per cent., thii 
requirement. 

If made in a b: 
rievcr exceed tour o 
maxin 



ic furnace, the amount of phosphorus shall J 
e hundredths of one per cent,, this being a ] 
average requirement and being consiT 
Crcd necessary to show a proper amount of work in the furnac 

The finished product sh.all be perfect in all parts and free I 
from irregularities and surface imperfections of all kinds. All \ 
&tevl must be free from piping. 

The cro§8 sections shall never differ more than aj^ per " 
Cent, from Uie ordered cross sections as shown by the dimen- 
sions on the plans. 

Steel for pins more than four inches in diameter shall be j 
Immmcred. 

Every finished p!atc, bar or angle shall be stamped on one 
e, near the middle, with a number identifying the melt and 
Ktamp shall be surrounded with a heavy circle of white paint, 

«1 for pins shall have the melt numbers stamped on the ends. 

Rivet steel and small pieces which do not form part of the cal- 
c:u1alcd section of members may be shipp.'d in bundles, wired 
together, with the melt number on a metal tag attached. 

Tests. — A sample bar not more than two inches wide, and 
linvtng a cross section of one square inch when the material is 
Hot less than one half inch thick, shall be cut from the finished 
product of every mell. When taken from metal more than 
Vro inches thick this sample may be a turned, ronntl bar. The 
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laboratory tests shall be mnde on [bis ssmple bar in its nattirnl 

state without annealing. 

Where a melt is rolled into several varieties of material, 
each variety shall be separately tested. A variety shall consist 
entirely of one of the following shapes: Sheared Plates, Uni- 
versal Mill Plates, Angles, Z's, Channels, I beams, Flats, 
Rounds, Squares, Pin .Steel and Eyebar Steel. Flats will 
include all flats not intended to be forged into eyebars. Where 
several sizes of the same variety are rolled, tlie cross section of 
the largest size shall not be more than twice that of (he smallest 
size, and the sample shall be taUen from the size which comes 
nearest to a mean. 

In the laboratory tests, measurements to determine elon- 
gation shall be made on a length of eight inches. 

A piece of each sample bar shall be bent iSo degrees and 
closed up against itself. In no case shall any crack appear 
until the circle around which the bar is bent becomes less than 
the thickness of the bar. E.tcept when the sample is taken 
from a pin, the sample bar shall close up against itself without 
showing any crack or flaw on the outside of the bent portion. 

The sample bar shall be tested in a lever machine and the 
following requirements fulfilled! 



HM. 



T STKBL. 
MS. 



Ultiraate Btrrngth, Iba., per 

Elastic limit, " " ■'" ■' ,...35i000 33,000 31,000 2»,0"'l 

Percentage of oloDgatioit in 6 in 18 22 24 26 

Percentage ol reduotlou at fraotUTe . . . 3S 44 43 tl 

Where the sample is taken from a pin, the elongation and 
reduction will be reduced to 15 and 30 per cent, for the IIM 
steel and to iS and 36 per cent, for the M steel. 

The entire fracture shall be silky. 

The requirements for ultimate strength are menns, anil 
steel will be accepted when the ultimate strength docs not dif- 
fer more than 4,000 pounds from the requirements of the tabic. 

The requirements for elastic lihiit, elongation and reduc- 
tion are minimum requirements, and no steel will be accepted 
which falls below these conditions. 

Tile elastic limit will be observed by the falling of (be 
beam of the testing machine. 

Duplicate tests may be made when the first sample tested 
fulfills four of the five requirements. If the second test and 
also the average of the two tests meet all the requirements, the 
melt may be accepted. Cases in which the tests are thougbl 
not to give fair indicalions of the character of the mnteriaii 
shall be referred to the engineer. 

Analyses shall be made, showing the amount of phospbo- 
ruB and carbon in every me't, the drillings for these itnnlf»u 
being taken directly from one of the ingots. Besides this a *et - 
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of iitialyscG of phosphorus, carbon, silicon and mnngnnese slmtl j 
Iji; made from every ten melts, the drillings to be taken from a \ 
tample test bar. 



SHOP REQUIREMENTS. 



respects according to the 

s to the quality of work 
ions, the doubt shall be ' 
k which aay interpretation , 



The work shall be done in .' 
Ill plans furnished by the engin 

Where there is room for dout 
required by the plans or spccili 
decided by using the best class of' 
would admit of. 

All workmanship, whether particularly speciGed or not, 
must be of the best kind knonn in use. Past work done for 
ibe same engineer will never be recognized as a precedent for ' 
the use of other than the best kind of wotlc. 

Ail material shall be cleansed, and, if necessary, scraped 
and given one heavy coat of Cleveland Iron Clad Paint, Purple 
llrand, put on with boiled linseed oil before shipment. This 
applies to everything except machine finished surfaces. 

The same paint shall be used wherever painting is 

vMl machine surfaces shall be cleansed, oiled and given ; 
heavy coat of white lead and lallow before shipment. The ^ 
inspector must see that this !s a substantial coat, such as is 
on machinery and not a merely nominal covering. 

All small bolts, all pins less than sis inches in diameter, 
the expansion rollers, and everything with special work on it, 
shall be carefully boxed before shipment. 

m-jetcti Work. 

Riveted work will be of two classes: i. Reamed work. 
3. Punched work. The provisions immediately following will 
apply to both classes. 

All plates, angles and shapes shall be carefully straightened 
at the shop before they are put together; mill straightening wilt 
not be considered as meeting ihis requirement. 

If the rivet holes are marked with templets, these templets 
shall lie flat without distortion when the marking is made. 

The size of rivets shown on the plans is the size of the 
cold rivet before heating, 

The diameter of the finished rivet hole shall not be more 
than one sixteenth inch greater than the diameter of the cold 
vivet. The heated rivet shall not drop into the hole but require 
a slight pressure to force it in ; the relative size of the rivet and 
xivet hole must be such as to meet ihis requirement. 

In all cases whcie riveting is to be done in the field the 
s so to be riveted shall be fitted togelhtr in tlie shops and 
liTtvel holes reamed out while they arc so assembled, < 
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^ and both parts reameil to fit ( 
md painted befe 



iron templet shall 
templet. 

AH surfaces in contact shall be cleaned a 
they are put together 

The rivets Bhall be driven by power wherever this 
ble. The manufacturer will be required to procure 
riveting machines to meet special positions. 

All rivets shiill be regidar in shape, with hemispherical 
heads concentric with the axis, absolutely tight and shall com- , 
pletcly fill the hole. Tightening by calking or recupping 
will not be allowed, This applies to both power driven and 
hand driven rivets. 

The angles of stringers must be square and straight. The 
web plate must not project above the angles, and the outside 
edges of the two angles must never be above a true plane and 
never more than one sixteenth inch below the true plane coinci- 
dent with the roots of the angles. 

The outside angle nt the root of the angles connecting 
stringers with floor beams, floor beams with posts, or in other 
like details, shall never be less than a right angle, and the excess 
over a right angle shall never be greater than one eighth inch in 
the longer leg of the angle; the angle shall be perfectly straight, 

Heamcd Work. 

All work wliich is of mild steel shall be reamed. 

All sheared or rough edges shall be carefully planed off. 

The material may be punched with holes one eighth inch 
smaller than the size of the rivets shown on (he plans, except «s 
provided below. 

When the thickness of the metal is greater than a thickness 
one eighth inch less than the diameter of the rivet, the punched 
hole shall be one quarter inch smaller than the diameter of the 
rivet. 

When the thickness of the mcta! is greater than a thickness 
one eighth inch more than the diameter of the rivet, no punch- 
ing will be allowed but the holes must be drilled. 

After the several pieces have been punched (or drilled) 
they shall be assembled. The holes shall then be reamed to 
the diameter required by the size of the rivets, while the pieces 
are together. 

After reaming, every hole shall be entirely smooth, show- 
ing that the reaming tool has everywhere touched ihe metal. 
In speci.Tl cases where this fails, the engineer may authoiizethe 
hole to be reamed to a larger size and larger rivets used, 

r shall be run over the outer edges of every hole 
' sharp edges and make a fillet of at IcMt 
under each rivet head. 





;^'m:^> 




^t .C* **^ ■^'- ■*■ 




t* rru. ■• 3^?^ 







vrsQor r 
miT I,! Tim Lac 



ire iiaixitt*£r :c :::« *-■ ?::. 
some-.: jnc Lir*^c r^-xic^ J5*^i. 



iCO. 



«eld5 w£I be sLomL 

After the w oc Lm^ a CT^cIpZe^n^i r:« rx-^ <>.»,!", >c j.'v.t\v 
in a nkjble jBoeafin^ fcirzjce tj «e^r:r^ i.-:^*: :o ji ;:-.v :•,*-; ■*'i 
dirk red beat md sISovns? tr:e=i :r cc :I sI.'-w^y. 

The form of tbc httadt of 5ce<l ey^'c-jLT^ ntjiy >s? :VnV- \ni >\ 
6e cooti actors to saEt the process En u<e a: :he:r works. >;:: t'^c 
thidoiess of die bead shall not be dm? :h.ir, oi'ie :!^i\:vv:^:h i:u^.i 
greiter than diat of the body of the bar, and :he heao* i^ul; tv 
of safEcicnt strength to break the bcsiy of the bar. 

The heads and enlarged encis for screw:? in -aTera's* s^us- 
pcnders and coanters shall be formevl by upsetiins: aiul shall Iv 
of safficknt strength to break the body of the bar. 

Nuts, swivels and clevises, if made of $tccl« shall bo UM^evl 
without welds ; whether made of steel or wrv^u^rht uvn» \>no ol 
each size shall be tested, and shall develop a stren);[th ten pcv 
cent, greater than the strength of the bars to which the\ au* 
attached as determined by required strength of material tu such 
bars. 

Eyebars shall be bored tnily and nt exact distancen, the \\\\\ 
holes to be exactly on the axis of the bar and at exactly rl^iht 
^gles to the planes of the flat surfaces. 
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Wlien sis bars of the same billed strength are piled togelbe -^s 
the two pins shnll pass through both pin holes at the sametim^ * 
vitljout driving- Every bar shall be lesleil for this require -^ 

Pin holes shall be bored wilh a shnrp tool that will mak^ = 
I a clean, smooth cut. Two cuts shall always be taken, ih^ j 
finishing cut never to be more than one eighth inch. Rough- ^ 
nesa in pin holes will be suflicient reason for rejecting bars. 

One full sized cyebar for every fifty bars made shall b^» ■ 
selected from time to time from bars made for the bridge for '^ 
testing. 

No bars known to be defective in any way shall be takefK~« 
for test bars, but the bars shall be selected as fair average spec- ^=:: 
imens of the good bars which would be accepted for the work -:^ 

The tests of full sized eyebars shall be made in the larg^': 
testing machine at Athens, Pa., unless some other machine ik-K 
especially accepted by the engineer. 

These bars shall be required to develop an average stretct:*^ 
of twelve per cent, and a minimum stretch of ten per cent ::* 
before breaking. The elongation shall be measured on ^ 
length of not less than twenty feet, including the fracture. 

The bars v/ill be required to break in the body. 

They shall also show an elastic limit of not less thac:^ 
32,000 pounds and an ultimate strength of not less than 60, 
pounds, as indicated by the registering gauges of the tes 
machine at Athens. 

In case of bars too long for the machine, the bars shall be 
cut in two, each half reheaded, and both halves tested in ihe 
, machine, the two tests, however, to count as a single test bar- 
In these tests a failure to meet the required elongation- 
' will be considered fatal, and be a suflicient cause for condemn- 
ing the bars represented by the bars so tested, but ihe engineer- 
shall examine carefully into the cause of the breakage of an_v 
bar which does not meet the requirements, and may order 
additional tests if he sees fit. 

The failure of the bar to break in the body sha)l not be 
considered sufficient reason for rejection, provided the 
required elongation is obtained and not more than one quartet 
of the bars break in the head. 

Machine Work. 

The planing, drilling, and reaming required hi 
provisions for riveted work shall always be performed, 

The ends of the chord sections shall be faced so as to 
perfectly true, after they are riveted up complete, 
only the projecting splice plates. 
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When (our chord pieces arc fitted logclhci 
ihe shop, rlicre shall be no perceptible wind in the Ictigth of 
the four ecc lions. 

All chord sections shall be stamped at each end on the 
outside with tetters ami numbers designating the joints in 
accordance with the diagram furnished by tlie engineer. 

All pin holes and holes for turned bolts passing through 
the whole width of a riveted member shall be bored or 
drilled after all other work is completed. 

Pin holes shiill be bored liuly and at exact distances pai- 
allel with one another and at exactly right angles to the axis 
of |1]B member. 

Pin holes shall be bored with a sharp tool which will make 
a cleon smooth cut. Two cuts shall alMays be taken, the da- 
isliiiig cut never to be more than one eighth inch. Roughness 
in pin holes will be sufficient reason for rejecting a whole 
member. 

Pin holes shall be bored to fit the pins with a play not 
exceeding one fifteenth of an inch. These requirements apply 
to later«] connections as well as to other pins. 

The plans show the distance between the centers of pin 
holes. Shop requirements shall be between tlie bearing edges 
of tension or compressioo members, with a proper allowance 
for the diameter of the pin. An iron standard of the same 
temperature as the piece measured shall always he used. 

All pins shall be accur.ilely tiu'ned to a gauge and ahnll be 
of full size throughout. 

The ends of stringers and of floor beams shall be squared 

M facer, as shall also all other similar connections. 
All bearing surfaces shall be truly faced. 
BJl surfaces so designated on the plans shall be planed. 
nil screws on iron shall have a truncated V thread, United 
^ standard sized. 

All screws cut on steel shall hava a truncated V thread, 
VJnited States standard, with eight tlireads to the inch when the 
C-liameter is two and one half inches or less and six threads to 
«hc inch for all larger sizes, G. S. M. 

167. Specification for the Material and Work- 
xaianflhip of a Steel Stand-Pipe. The following specifica- 

lOQ for the material and workmanship suitable for a steel 

-"^'aler tower or stand-pipe have been prepared by Mr. Wm. 

XD, Pence, after a very long and careful investigation of the 

v^umerous failures which have occurred in such structures and 

orkmiinship suitable and nccesaat^ 
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1 mcIiiJfs a phnspboTTi* 



(or this kinii oE work. The specific; 
limit of 0.06 o( OIK- per cent., wticrens those given in artier: lc» 
154 and 156 allowed an upper limit of o.oS of one per ce- -"'■ 
Tliere is no question but thm 11 iimit of front 0.06 lo o.d^^ ni 
one per cent., is necessary in order to exclude liigli pbospbo- ~tH* 
steels wliich are of necessity brittle. The :itithor tienrtily 
mends these specifications, not only for the purpose Ri 
but for all slmilitr kindi 

MaUriat. The metal composing the stand pipe at 
he soft, opcii-hcarlh steel, conlaining not more than 0.06 
Clint, phosphorus, nnd having nn ultimate tensile strength 
not less than 54,000 nor more than 6a, 000 pounds per squ 
inch, an elastic limit 
strength, iiu elongalioii 
inches und u redui:li(»n t 
fracture, which shall hi 

I healed 



one half the ulli: 



not less 

of not less than i(i per cent, in ci:^ -^K' 
f area of not less than go per cent 
: silky in character. Ilcfore or aC" -^f* 
red and quenched in water at So" 



Deing h 

the steel shall admit of bendin<r while cold, Hat upon itsv- 

without sign of fracture on the oiilside of the bent portion. 

Tat Pieces. All test eamptcs shall be cut from fimsK" ^^^ 
inutcrial. Tensile lest pieces 10 be at least 16 inches long, . 
to have for n lengtli of 8 inches n imiform pUmcd-edgcd i 
lional area of at least /^ 8(|uare inch, the width in no case in 
less than the thickness of the piece. Bending test pieces te 
1 1 inches long, and to have n width of not le^s than four til 
the Ih^-kness, with edges filed smooth. 

I^iimbcr of Tests. For t!;e purpose of identiRcalion 
number of the melt or heat of steel shall be slnmprd on cs 



At least one full series of tee ^==2^ 
IS above specified, ehaU be xas- 
>nal tests may be made o&, io 
ni cK^ieutial fur corroborative p^ 
s or methods of treatment of 



plate produced therefrom, 
both chemical and physical, 
of each melt, and sucb nddi' 
judgment of the inspector, si 
poses under varying conditic 
metal. 

I-inisk of Material. All phites ninist he tree from Inr 
nations and surface defects, and shall he rolled truly lo 
fipecified ihickne&ses. 

Paeilitics for Testing. Complete facilities for the 
and inspections shall be provided by the contractor, as rcqwif 

Insf*(lQr. Material will be inspected ai the mill 
(name uf a trustworthv testing concern equipped to make b' 
chemical and physien) tests) or sucb otlier party hs may 
approved hy the engineer. 

Additional Ttst Pitva. If tequired ii> tin- cmtincfr, i 
conuaclor will provide four certilied sjimi 



hall be shaped to 
g untl hammering 
i;]r, or for other 



initelylaid 
1 contact. 
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li plate used ill the work, Uiese samples lo lie z iiiclies \ 
and ID inches long. 

W»riuia»sAip. All workmanship must liv I'irst-cbs 
evcrv pnrticular. 

'WoriiHg Steel. The plates and anijies s 
the propercur\-atiirebyco!d rolling. No Iwatin 
(hail lie allowed for straightening or cuvvin;;;, oi 
pmposes.* 

PuncMrtg. The work shall he carefully and a^c 
out in the shop, and the rivet holes punched wiih a ct 
ibarp and in perfect order, from the surface to be 
Tlic Jiameter of the punch shall not exceed that of the rivet by 
more than 1-16 inch, and the diameter of the die shall in no cage 
esceed that of the punch by more than 1-16 inch. Rivet holes 
inplfltea having a thickness of ^ inch, and over shall either be 
drilled or if punched, shall be reamed not less than ■g inch larger 
ftan the die sides of the holes, and e;harp edges shall be trimmed. 

Beveling, etc. All calking edges shall he planed to a 
proper hevel. All parts must be adjusted to a perfect lit, and 
properly marked before leaving the shop. 

Erection. In assembling the work, the rivet holes shall 
"ulcb so that hot rivets may be inserted without the use of a 
liamtner. Drifting is prohibited. Eccentric holes, if any, 
must be reamed, and if required, larger-sized rivets shall be 
Wdin such holes. 

Rivets and Rivrting. The best grade of soft charcoal iron 
rivets to be had in the market shall be used. SufKcieut stock 
Must be provided in the rivets to completely fill the holes and 
"litb a full head. The rivets shall be driven at such a heat as 
•^ill admit of llicir being finished in good lorm with a button set 
More the rivet has cooled to a critical point. As often as may 
b^dwrned advisable for the purpose of testing the work, rivets 
<li.il! be cut out at the direction of the inspector. The quality 
"' Ihe rivet metal and of the workmanship shall he such that the 
irjclurc of the rivet so removed at random shall show a good, 
'Wgh, fibrous structure without any crystalline appenr.ance, and 
tec ihnll be no evidence of briltleness. Loose rivets must be 
aronptly replaced, no rivet calking being permitted. 

CalktNg. All scams must be calked thoroughly tight wilh 
iniand'no&cd calking tool by workmen of acceptable skill. 
Gfeat care musl be taken not to injure the under plate. 

liejeciions. Defective material and workmanship may be 
ejected at any stage of the work, and must be properly replaced 
% the contractor as directed-- 
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Pinal Tests. After completion the work shall be testeil 
by filling the stand-pipe with water, and the leaks, i£ any, 
shall be promptly and thoroughly cailted. The stand-pipe 
must be water-tight before acceptance. 

Superintendence. All inspections shall be made under 
the direction of the ei%ineer who shall have general supervi- 
sion of the work. W. D, " 



MISCELLANEOUS SPECIFICATIONS. 



• 



158. Specifications for Pile and Trestle Bridging. 
The following specifications for pile foundations and tinibtr 
trestles are those used by the Union Pacific Railway Co. These 
specifications may, however, serve as a standard for all kinds 
of pile foundations, and for the selection of large timbers for 
engineering structures. The formula for obtaining the siifi: 
bearing resistance of pile foundations is that generally known 
as the "Engineering News formul.i." 

All piles to be made from straight, sound, live timber, free 
from cracks, shakes and rotten knots, cut from the following 
kinds of timber: White Oak, Burr Oak, Red or Yellow 
Oregon Fir. They must be so straight that a straight line 
taken in any dircelion from the center of each end of the pile, 
and run the length of it, shall show that the pile is at uo point 
over one-eighth of its diameter at such point out of a straight 
line. They must show an even, gradual taper from end to 
end. Ends must be cut square, all bark taken off, branches 
and knots trimmed off smooth, finishing the pile in a workman- 
like manner. They must not be less than fourteen ( 14) inches 
in diameter at the narrowest point of measurement of butt or 
large end, nor less than ten (10) inches in diameter at narrow- 
est point of measurement of point or small end, aud at no part 
more than seventeen (17) inches in diameter. 

All piles must be properly sharpened before driving. They 

must be driven until they will carry a safe working load of 

pounds, computed by the following formula: 



2wh 



hich L^Safe load in pounds. 
w=Wcight of hai 



f hammer it 
t penetration ii 



1 pounds. 
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Thej' will be estimated and paid for by the lineal foot, i, 
As delivered .al the site of the structure, according to bills 
iurnishcii by the engineer, 2. For driving, straiglilening and 
cutting oH ready for the caps, nnd only the length actually left 
standing in the structure to be paid for. 

AH timbers must be of the exact dimensions given and 
figured on the plans, to be cut from sound, live timber, free 
trom loose or rotten knots, worm holes, wind shakes or splits; 
reasonably well seasoned, straight grained, square edged, and 
free from any and every defect calculated to impair its strength 
mi durability. It will be estimated and paid for in the work by 
die thousand feet, board measure. The following kinds of 
limber will be accepted: 

All bridge lies will be White or Burr Oak, Oregon Red or 
Yellow Fir, Tamarack, or Yellow Pine. 

All track stringers and guard limbers will be Oregon Fir 
or Yellow Pine, of the long leaved, southern hard pine variety. 

All posts, caps, sills, bracing and end plank will be White 
or Burr Oak, Red or Yellow Oregon Fir, While or Yellow 
Hine, or Tamarack, 

All wrought iron must be of the best quality of refined 
'ran, tough, ductile, and capable of standing a tensile strain of 
fifty thousand (50,000) pounds per square inch of sectional 
ares. The manufacture of the bolls must be perfect in every 
respect, and have nnis and screws of the United States standard 
dimeasions, length of thread to be not less than three inches. 

All washers and spacing blocks, etc., must be well manu- 
factured of good gray iron and to the exact dimensions shown 
on the drawing. The cost of placing all bolts, spikes, and 
nuthcrs in the structure will be included in the price paid for 
fiJUning and erecting the timber. 

All bridge ties will be furnished and placed in the bridges 
lij the contractor. 

The surface of the ties must be brought to a true plane under 
tller»il, so that the rail will get a full bearing on every tie. 

All of the track stringers shall be brought to a true plane, 
wlhat ties will get an even bearing on all the stringers. 

Where any timber or pile trestle bridge is built on a curve, 
deblocking for elevating the outer rail, or other means for 
elcTiiiog it. will be as per drawings for the same, a copy of 
which will be furnished from the oflice of the chief engineer. 

The culverts will be put in place aud finished ahead of the 
pding, so that it will not interfere with or detain the grading, 
'" any way. 

Bridging shall begin when directed by the engineer, 
"id progress at a rate sufficiently rapid to keep out of the way 
of the tracklayers. . 
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When directed liy the eugineer di-ain pipes will be use- -^=^ 
inftCiid of culverts; they will be of cast iron i>c vitrified Icn—^r-r 
i cotta ; this will be carcfitily beilrfed and jointed and of such «i]=^^ i 
aa may be directed by the engineer. 

I All framing sbal! be accurately fitted; no blocking or »liin-^r— 31 

II ming will he nltowcd in making joints ; the holes for the LoI~ ff t{ 
1 shall be bored with an auger of the exact size of ibc bolts. Tlir:* li 

ntits on all bolis shall be screwed so the washers ^hail pinc^^- c 
[ hard upon the wood and bring all the parts of Ibe strucla^ .^t 
L close together. 

L On completion pick up and remove sU rubbish from th*"^ 
nremises. 

■ All material will be inspected on the above specif! cation ^vrat, 

l.ftt points of shipment or destination as agreed, anJ the owiie 
I required to remove all rejected mtiterial from the company 

premises within thirty (30) days from the date of notice to c 
'SO. The company after that time will not be responsible f 

the return or safe keeping of the same. 

When from any cause bridjjc materials are unloaded ^^ 
I cars at material yards or esd of tract, it shall be reloaded ^^K*^ 
' the contractor at his own expense. U. P. R'y. 

159. Speciflcatioue for the Steam Plant of ' 

Small Electric Light Station. The folli>v\ing specific^^^fi" 

tion for the slcam phint of a small clectiic light station incliii^K *^ 

* speelGcations for the engine and its attachments, feed wat" ^^^ 

^ heater, boiler feed-pumps, boilers, furnace, stack and pipoct^^*"** 

i nectioiis. While not especially elaborate, they have been p«^*^ 

pared by a mechanical engineer of large experience ia t*^ •* 

field of practice. They are given here, however, not for C*** 

purpose of being copied, but simply as an illustration of suct^ ' 

specification. The reader will note that three kinds of engtt^*^' 

have been provided for, and that large liberty is retained by*^*^* 

engineer in Che selection of the engine from those submitted ■^•*^ 

competition in the bids. A particular feed water heater v^ ^ •*' 

here specified, because it was thought Co be bc*l suited for * *" 

^(ijid <ii water wlui;h was to ibe Uked, (be. 
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litater being that it Inrgclj' i 
before it enters the boiler: 



Typi; There will be one engine, of theHighSpeed Aiito- 
tnnlic pntlern ; cylinders lOj'j inches or ii inches diameter; 
cupublo of operating coiitinitoiisly cit 600 feet piston speed per 
miiiule, without undue heating. 

Regulation: The automatic governor must permit a ciit- 
oS US lute as J^ : nnd must be so adjusted, that the difference in 
speed, when running with 100 pounds initial pressure and no 
toad, KB compared with 75 pounds initial pressure and cut-off J'i, 
ihitl not exceed n guaranteed amount to be stated by bidder; 
with ft correspomliiigly less variation itiside of the limits named. 
The regulator must be so constructed, as to permit this guar- 
UitterJ regulation to be easily maintained, without racing. 

Fixtures and Fittings: Standard cast iron suh-base, and 
tiro heavy driving pulleys, of such diameter and face as may be 
required to suit dynamo pulleys ; a full set of foundation bolts, 
unit, and plates; template for foundation; throttle and drain 
vaivcB; cylinder lubricators, automatic oil cups, wrenches, iniU- 
calor motion, etc.; and two one-inch relief valves set at 1 10 
pounds pressure. 

Dimensions: Stale diameter and material of shaft and 
crunk pin, and submit drawing or blue print indicating clearly 
'i» of cylinders, speed, diameter of pipe openings, spuce occu- 
pied, and dimensions of foundations. 

Corliss JSttgine: Bids will al.so be considered under the 
*>nM conditions on a Corliss engine, 11 inches diameter of 
cylinder, shaft 6 inches ; flywheel and frame extra heavy ; speed 
11%. Uegiilation to be guaranteed. 

Direct Connected Engines: This type will also be con- 
sidered, together with suitable dynamo. High speed. Vertical 
orhorizontal. Compound or single expansion. Full details 
most accompany proposals. 

Belting: Double thickness, even and pliable, equivalent 
it Strength and adhesiveness to the Shultz Leather IJelling. Of 
•elected stock, stretched twice before being made into belts, 
No shoulders or flank leather to be used. Its tensile strength 
must not be less than 3200 lbs. per square inch of section, ard 
must not be worked beyond 65 lbs. per inch of width. The 
Iwlt will be thoroughly stretched again after makhig, and before 
ihipment. 

FEED WATER HEATER. 

One No. 5 Iloppes exhaust steam feed water heater and 
puiilier capable of heating 3,cxki pounds of water per hour lu, 
tlw highest point attainable, without back pressure on the 
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engine. To hnve steel shell, oil extractor and trap; crane for 
removing head : automatic water regulator and openings for 
water and steam as required. 

BOILER FEED PUMPS. 

One Worthington Duplex pump, 5f^x3j4x5, water ends to 
have packed pistons. Piston rods, water cylinder linings and 
water pistons to be of gun metal. Valves suitable for hot 
water; complete with a full set of oil cups and wrenches. 



To be two in number as follows: 

Dimensions: Fifty-four inches di.imeter, eighteen feet 
long; thickness of shells, five sixteenths; heads, seven six- 
teenths, to have half smoke-box extension, bolted on, sixteen 
inches in length. 

Material: Park Bros.' Open Hearth Homogenous flange 
steel of 6o,ooo pounds tensile strength. All plates to be stamped 
with name of maker, quality and tensile strength. 

Construction : The heads are to be machine flanged, to 
have an easy radius; and amply braced, with braces of best 
refined iron, uniformly distributed, so that each brace will carry 
its full share of strain. Before beginning construction a plan of 
the bracing proposed must be submitted to the engineer for 
approval. 

Tiibes: Thirty-eight — 4 inches in diameter. 18 feet long, 



of lap welded, 
and beaded over. 
Dome: Thirty 



al iron; carefully and properly expanded 

:he5 diameter, thirty inches high. To 
pjiell; well braced and double riveted. ' 

Seams: There will be one longitudinal, double riveted 
seam, in each sheet, well removed from the fire. Other riveting 
single. The make, size and spacing of rivets shall be in 
accordance with the best modern engineering practice. 

Supports : There will be two extra heavy cast iron lugs 
tor each side ; each ^% feet from end of the boiler. The for- 
ward lugs to rest directly on cast iron plnles 12 inches square, 
supported by the masonry. The rear lugs wilt rest upon 9 one- 
inch rollers, which in turn will rest upon 12x12 plates. 

Slack: Of sheet slccl. No. 12 gange in thickness, diame- 
ter 32 inches, height 50 feet. Lower end Y shaped to fit alack 
plates. I'urnish sufficient ^g inch galvaniiced iron guy wire to 
make two complete sets of guys. Support slack underneath Y 
to brick work or floor. 

Pittitigs: One 5-inch chime whistle; one soot sucker, 
complete, with hose and handle; one flue scraper; one steel 
.baiTow; complete set of firing tools, consisting of shovel hoe, 
sliee-b.ir, and poker ; 2 eight-inch stenin gauges ; 1 one and one- 
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<piarter inch combiitaiion wntcr columns, wiili gniige cocks, and! 
r glasses: two 4-inch safety valves, with Icvcis niarkeii to J 

■ ^o pounds pressure; 2-inch check, stop and blow-off valvi 

Callings: Two squnre lop, full flush fronts of approved 

ortinmental d<;si^), with ll^ht fitting doors, and anchor rods 
N tending the entire length of brick work; six 9-foot binding bars 
. itb cross and archor rods; soot door and frame; stack plate 
nd damper. Cast iron skeleton frames suitable for standard 

sizes of tire brick, to be used in place of back plates. Rocking 

grates will be furnished and erected by the city. 



Openings. The 
one in slicU oack of dome, 
'■*Jed with heads, arches 
openings for water coliim 
pipe; one 4-inch main stea 
"^■alTe; all to be properly 
t-hc engineer. 

Inspection and Insur 



front head under lubes, and 
bolh properly reinforced, and pro- 
and bolts complete; two ij^ inch 
i; one 3-inch for feed and blow off 
•a outlet, and one 4-inch for safety 
einforced and located as directed by 



Before shipment the boilers 
"^vill be tested and made light under a water pressnre of 150 
Pounds. Certificato of inspection and insurance policy in the 
■^^.artford Stenm Boiler ln>;pection and Insurance Company, for 
*he sum o£ $500, for one veur must be furnished, for each 
toiler. 

FOUNDATION'S AND BRICK WORK. 

(See Drawing.) 

The dimensions of foundations for engine, boilers, heaters, 
[W, and brick work for furnaces, will be clearly shown in 
'ings, which must fae accurately followed. 
Foundations: All are to.be of concrete composed of one 
part best domestic cement, three parts of clein, sharp sand, and 
Rve parts clean, broken stone of sizes that will pass through n 
-.^ incli ling; all to be thoroughly mixed, laid quickly, and 
'-■•rnmed down solid. 

Excavations: As per drawing. Remove promptly all 
cairlh and other debris. Bottom to be level, and rammed if 
"ttcessary. 

Iron Work; All bolts and plates for engines and dynamos 
'Tiusl be put thoroughly and permanently into position by the 
*^«3lraclor. Outside of each bolt place a piece of 2-inch iron 
■1*5, SO as to permit some adjustment of the bolts. 

Cap StoHis: Foundations for heater, and boiler feed 
P'Jmps will project somewhat above floor line. Each of these 
■^■ill be surmounted by a neatly cut cap stone, 8 inches thick 
"«id of proper dimensions, 
* Boiler Furnaces: To be of well burned red brick, thor- 
SMywcttfdbcfore laying; :in joints flushed solid; all courses 
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r»c boll) inside and out&Ac 

n mortiir composed of o»* 

Uuild into Bide nt»l nm. 

lie air tiglit J except ioiin*^ 

I of builciH. wlicre the walk 



level and sliHigbt. Every s 
lo be n lieadcr. Brick to be l»id I 
p;irt lime to five pnrts of slinip si 
walls a t-JDch nir spucc, which s 
diatcly under the supporting Iiij^s 
shall ije carried up solid. 

J'ire Brick Lining: The entire inside of ilic furnat 
%vhere esposed to flame, will be lined with A No. i hard burnr— 
fire bricls, Iiiicl in dry milled fire clav, with very lliin joinie 
fItlBhed fiiil; headers every sixth course. Use the folionint 
special fire brick "Angle B," to form the top and fiont eotnc-^ 
of SAtnc, use the "4J^ to give the hatter on front of bridge wall 
at lop nnd bottom, Jnmb," also for the inner corners of cleuiH 
ing out doors opcningfs. Front of bridge «ll hcadern. 

Ctoiing In Tile: For the sides of furnace, use fire brict ^ 
tile 6x12x2^ ; and for the rear above tubes lay ordinary Hr^ 
brick special skeleton arch frame. 

Iron Work: Place in position »11 cleaning outdotmiQ 
iron plates and anchor rods. "^ 

PIPE COXNKCTIONS. 

To be as per drawing, which will be furnished. _ 

Sicam: Four inches from boiler to 6-inch bender leai 
to engine room, where it will reduce to size required by engioi 
thence to engine proper size, through a Hine separator BUit*lil 
drained. Leave Tec having plugged outlets for addltJcni 
engine iind water works pump. 

Exhaust: Four inches from engine lo main line; thcnt 
6 inches through beater to 5 feet above mof. Leave plugg^ J 
iulet Tee for additional engine and pump. 

Drains: Both the steam and cKhausI pipes arc to tuw* « 
suitable drains of ample si/e wherever there ia any pOiisibi!i*"J 
of water accumulating. Run these dr»iii& uulsitk ot building?' 

Small Piping: Feed, blow-off and stciim and cdiii*^ 
pipes for boiler feed pumps to be as per details shown iu dnii»*'" 
ing. 

Fiilingt: Of the best construction, with threads true a"^ 
clean. Use in nil cases what is known as "water" or "sweep 
ells and fittings, having extra long radii for curves. 

Valves: Of the Jenkin Brothers, or asbestos disk p**'' 
tern. Use gate and nngic valves in preference to globtr. WH^" 
icd they muiit be so placed as not to fo«"*" 



globe val' 
water pockets, 

Stiff oris : 
way as to bring 
Eiont their weigh 

Ccveriag : 
to be co^-cred 



AS magnesia cctiunal. 



All pipe work to be well supported in tvc^* 
no unusual strain on the pii>c or liltingS; eit*' " 
It, or from expansion or contraction. 

All live steam pipes, domes and top of lioi'*^ 
1th » high grade non-conducting nialctial, ?•■* 
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e lo be scnrf- 
c taken from one hide is to 



Tn General: The arrnnpement of the pipe work must be 
luch »s to provide for all rliffercnlial strains arising from expan- 
sion and contraction. The worlt to be of the best and most 
Iborough possible. The steam pipe will be tc!>tcil lo 150 
pounds. W. II. B." 

IdO. Specifications for Leather Driving Belts. 

The following specifications for large leather belts weie 

' pteparL'd for the large water power electric plant at Austin, 

Texas, in 1S94.. It is thought tbey conform to the lutest and best 

pndlce in ihe manufacture of leather belting. 

There arc to be six main driving belts and seven belts to 
drive dynamos, of dimensions as hereinafter schcdnltd. 

These bells are to be of leather made from the best selected, 
ll^e steer hides, of pure oak-bark tannage. The cuts arc to 
t* taken from the centre solid portions of the hides, and arc 
not to include shoulders, flunk or soft parts of the hides. Eac 
piece is to be of fine, close fibres and all pieces a 
ed to a uniform thickness. Nop' 
ncccil a net length of fifty inches 

The individual pieces of the leather are to be thoroughly 
Rretchtd after Cdnying and again machine tested and the utmost 
•tretch, within elastic limits, given to the bells when they have 
been made up complete. 

The transverse lap joints are not lo exceed four inches in 
loneitudinal length, are 10 be scarfed in the best manner, thor- 
oughly cemented and are to he made fast and durable without 
the n»e of pegs or rivets. All belt edges are to be properly 
loonded. 

All belts arc to be thoroughly water-proofed. 

The complete belts are to be soft, pliable, and finished with 
tmooth polished surfaces. 

The belU of thirty-eight inch width are to L-e of double 
Aiekjicss. The outer face pieces are each to be in a single 
•nidlli, with centre conforming to the back-bone centre of the 
hide. The inner, or running face pieces of the thirty-eight 
inch belts are to be n'netccn inches in net width and to have 
one and one-half inch scarfed and lapped longitudinal joints. 
One edge of each half-width «ill be cut along the back-bone 
wntre ot the hide and in the makeup of the belt, these inside 
^^ widths arc to he placed with the back-bone edges at the 
filter edges of the bolt. These seam sides of t!ie thirty-eight 
inch belts are to be run next the pulleys. 

All the remaining belts are to be of double thickness in 
tingle width pieces, with centres of each piece conforming lo 
Uw back-bone centres of the hide. The belts are to be finished 
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with unifoim Ihicknesses respeclively not leas than as followi 
for eifth stated width: 

38 iuvhes width of not less than iacbcs tbicknesa. 



The speeds of tlie bells will be at rales of about 5,000 
lineal feet per miuute. 

All these belts are to be transported to ihe power house 
now being constructed by the Board of Public Works of Aus- 
tin, Texas, in Austin, and are to be placed upon the pulleys in 
the power house and spliced and cemented in place. 

The hides and manufacture, finish and fitting of the belts 
are to be iirsl-class in every respect and the bells arc lo be 
guaranteed to run smoothly and straight upon the pulleys and 
to work successfully for the space of one year from the time of 
the starting up of the power house for regular work. 

If any defect tending to impair the usefulness or life of any 
belt supplied under this specification, shall develop within one 
year that belt shall at once be made good by the manufacturer 
or replaced by a belt conforming with this specification. 

Proposals for these belts, as fitted in place ready for the 
starting of the machines, are to be delivered to the Hon. John 
McDonald, Mayor, and President of the Board of Public Works, 
Austin, Texas, on or before the Sth day of December, 1894, 
and all belts are to be delivered and fitted in place re.idy for 
use within six weeks of the date of the order for their manufac- 
ture and delivery. 

The Board of Public Works reserves the right to reject any 
and all proposals as may be for the best interest of ihe City of 
Austin. 

Blue-prints showing relative positions of the pulleys uid 
inclinations of the belts are submitted herewith. 
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16 1 . Specifications for Pumps to be Operated by 
Water Power. The following specification was prepared 
f« ihe city of Austin, Texas, in i8gz, for the construction of 
tiro pumps for a city water supply to be driven by water power 
machinery. 

PtJMPS. — Tbere are to be two pairs of horizontal, tloublc- 
afling, plunger pumps, having t^vo pump cylinders to each 
pair. Each pair of pumps is to have capacity to deliver four 
million gallons of water per z+ hours. 

The dimensions of plunger will be approximately as 
follows! ij4 foot diameter, 254 foot stroke, with 35 revo- 
Iptions per minute; the plunger speed not to exceed a mean 
rite of i37J^ feet per minute when pumping water at the 
Wle of four million gallons per twenty-four hours. 

These pumps are to be adapted for pumping to a reservoir 
inj also for pumping directly into the cily distribution pipes 
ivilh direct pressure, the pump house being located between the 
rtBMvolr and the city. The stntic head of the reservoir is 145 
t«l and the dynamic head approximately 265 feet and the force 
miinto the reservoir is 7,600 feet in length, of 34 inch pipe. 

These pumps are to receive motion from vertical turbine 
Aifts having beveled gears which drive a jack shaft. On the 
i«i( shaft is to be a spur pinion, which will drive a spur 
niottise gear on llie main pump shaft. On each end of the 
"Min (liafts are to be balanced crank disks, which will drive 
llie pumps. 
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The iccfiving nnd delivery chambers nre to be nmpic ^ 
ilimcii^iotis, Slid are to have ntrsts of valves of the 1ic«t Inoa^ 
composition of approxtcnalcly 3 inches dumcttr, nnd sutlicier - 
in nombLT so lliat the valves shall not lift more ihnti 5^ inchi^ 
each when the rate of delivery of llie pumps is at lour millia 
gallons per day. Tlic pump cliambcrs will be well provide -^ 
with hnnd-holes that will give easy .tccess to each nf the valves 

The water supply for each pair of pumps i* to he laktrr 
fiom a 30 inch branch in the horizontal penstock in ihc bist^ 
ment beneath the pump room floor. The necessary 3ilmi»io=' 
and discharge pipes, of nmple size nnrf easy curves, nnd a t»^ 
air vessel for each pair of pumps are to be provided. Th •■ 
force miiins will be connected with the force mains leading I—- _ 
the reservoir, on the outside of the pump house wall, and ii(^= 
exceeding: 10 feet distance from the face of the wall. 

The pump cylinders will be connected with the main an> 
jack shaft pillow blocks by continuous, heavy cast-iron girdei^^ 

adapted to carry the bearings and Ihc strains of the conncclin 

rods without tremble or elasticity. 

The main and jack shafts are lo be of the best wrougfenc 
iron forgingB turned to the diameters indicated upon the drs^ 
ings. and bossed up to receive the ge.irs. The large geats,* 
both the spur and bevel pairs, will be mortise gears with Ihe 
mortises planed, and having thoroughly seasoned, macIiinctiK T 
smooth maple cogs, fitted and keyed in the most rigid manner. 
The cogs are to be thoroughly boiled iu oil. 

Each spur pinion is to be machine moulded, with tee«Ji 
pinned on both sides to malch nnd run with mortise gears. 
Both gears and pinions are to be bored to fit their respective 
shafts nnd to be keyed in place. The pinions arc to be fealbet 
keyed on the jack shaft and fitted with approved screw mot""" 
lo move them out or into gear and to hold them wbcrc placed. 

The jack sbnfts are to be not less than 6}i inches, and **** 
main shafts not less than nine inches diameter in the bearinfl'' 

The two jock shafts are to hnve their axes precisely in I'"* 
and are to have a connecting shaft fitted with couplings, b*?*** 
ings and dislnnce plates as directed. 

All bearings nrc to be babbeted and bored out, of ntflp'* 
leught to insure moderate wear and easy lubricHlion, and arc '" 
be fitted with oil cups. . . 

The crnnks will be in balanced disk forms nnd fitted W'"^ 
mild steel pins. The connecting rods will be of the *^.*^* 
wrought iron, and fitted with brasses, steel straps and adjust*"* 
keys nnd babbeted friction bearings. The cross heads will 
of forged iron approved model with steel wrist pins. "^ V- 
guides will be rigidly boiled to the girders nnd adjtisi.'hl^ 



valves and all i 
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r stuffin; 
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lard broiiite metal. Tin; plunder sliifling I'ox will be i 
finckcd nitli Ihe liest ([uii'ily of "SeMon" or other npprovcd 
packing. The cfHiik dUks, connecting tod% straps und cross- 
hearis are to have polisbed surfaces. 

All hearings :inil vvriikt pin br.isses ure to be fitted with Ibt 
best oil cups anil with proper drip pockets, aud drip pipes are 
to be provided where required. 

There u to be ftiniishcd and connected with each pair of 
pnmpB line S incli «ater pressure gniigCi indicating the column 
of wattr in both fed head and pounds pressure. There will be 
a good approved revolution counter fitted to each pair of 
pumps as directed b^ the engineer. There will be a long 
Scotch tube water ((lass wilb proper cocks ou each air veaael. 

The general pl.in u( the power boirse shows llic position of 
these pwmps, the niclhod of connecting their power, and the 
positions of their snction and delivery pipes. 

Full dctad iliuivinjis of the pumps aud ihcir appendages 
»rc to be delivered to the consulting engineer and are to be 
subject, in all rispects to his approval. J. T. F. 

162. Specification for a Pump Well. The following 

specification describes a good method of sinking a well from ao 
*" So feet in diameter and to a depth not usually exceeding 50 
*<* 60 feet. Such wells are usually sunk through water-bearing 
*''ata, where an open citt would have to be supported liy some 
"^ttd «f corbioji and this curbing may as well i>e the masonry 
^cll curb itscH. In this case it is necessary to rest this masonry 
"Pon a «l)oe which may bo made either of wood or iron. Id 
luto former ciue an iron cutting edge should be provided. It is 
'^Ko bvat to reduce (he external di.imeler of the masonry curb a 
•Uort distance above the shoe in order to prevent the whole 
•*laM from slicking in the process of sfnking by its becoming 
^■glitty bound by the surrounding earth. It is necessary to 
Onchor the lower portion of iheftnasrinry curb to the shoe by 
Q)Can> ut iron bolts, as' indicated in tlie.'^c spcctfl cations. 

Pumf Well. — ']"hc pump well (.hall be constructed within 
Uncf tube giveu by ibe Engineer, and wilt consist of a brick 
curb. Inid in cement mortar, on an ouk shoe |)iu\idcd with an 
aiijfle iron ring bolted to the under side of shoe (Insh with its 
auiet periphery. 

-Vftcc'. — Tlie shoe shall be in three rings of unseasoned oak, 
'""■''- iliick, made lip in sfgmeiits, the segments to be a 
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true I 



; outer i 



y and bolleJ together wifi)' | 
seven eigtbs (J-fi) inch bolts and wrought iron washers to break 
joint as shown in drawing marked "Section and Details Pump 
Well," on file in the office o£ the Water Works Committee. 
The width of the, shoe shall be twenly-tvi-o (33) inches, wd 
when bolted up shall measure nine (9) inches in deptb of 
thickness. The ring shall be of 4x4 inch angle iron five eighth^ 
(H) '"ch thick weighing 16.3 pounds per fool, twen^-on*? 
(ai) feet external diameter, with two fishplates eighteen (i8> 
inches long at each jpint, riveted on hot, with four (4) thref^ 
quarter (^) rivets staggered, each side of joint; the beads oC 
rivets to be countersunk and finished flush on outside of anglr 
iron ring and shall be attached to the oak shoe with &ixty (£0) 
seven eighths (/-g) bolts, placed about one (1) foot and one 
(i) inch, center to center, on a circle twenty (3o) feet, seven 
and one half (7^^) inches diameter. These bolts shall have 
forged square heads and nuts and wrought iron washers. The 
oak shoe shall have a diameter of twenty-one (11) feet. 

Curb. — The curb shall be oE select hard burned front or 
paving brick, straight, sound and solid, when broken. No 
over burned or salmon brick will be accepted, and the brick 
shall be laid on the oak shoe in courses; in full beds of cement 
mortar, consisting of one part Louisville [fresh burned] cement 
to 2 parts of clean sharp sand which shall be mixed only as fut 
as used by the masons. No cement mortar which has had an 
over dose of water or sand, or which has bojun to set in ibo 
mortar bo\ shall be used, but all such must be thrown aside. 
The bricks shall be free from dust and wet with n sprinkling 
hose or can, or be dipped by the mason in clean water befoiro 
being placed in the curb and all joints shall be slushed with 
mortar pressed in with the trowel, as rapidly as the courses of 
brick work are laid up. No grouting wii,i. bb allowed.* 

The outer and inner faces ol the curb shall he laid in trae 
circles of the dimendions shown by the drawing above men- 
tioned, and shall have at the bottom (or on the shoe) an exter- 
nal diameter of twenty (20) feet ten (10) inches, and ui 
internal diameter of seventeen (17) feet four (4) inches, the«e 
dimensions for a height of two (2) feel six (6) inches, when 
the interna! diameter shall be contracted by a gradual racking 
inward of the courses to a height of four (4) feet above tlw 
shoe, where Ihe internal diameter shall be sixteen (16) feel 
eight (S) inches. 

Prom a depth or height of four (4) feet above tbe >boe to 
the top of well the internal diameter shall be eighteen (|S) 
feet, and the external diameter shall be twenty (30) feet len 
(10) inches from the shoe to the lop of well, the thickness of 
wall at the bottom or on the shoe, and for two and oof * 

• The luthar nanlil prefer Lhe grouiing lo ihe iliuhlnK iriih BWtUTi 

ci'Uicd 10 obtmln perfKIlf lolid jolati. 
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'O^) 1 



iches, four (4) 



above, shall be twenty-one 
feet above the shoe the ihfckness shall be twenty-five (25) 
inches, and for the remainder of hcightb or depth, the thickDcss 
shall be sevenlccii (17) iucbes. 

The bricks shall be laid stretchers and headers or with 
>iQop iron bond, as may be directed by the engineer. The 
contractor to state in his proposal tlic difference in pnce (if 
any), sliould all bricks be laid as stretchers and the curb bonded 
£roR) iiuiile to otitsidc with hoop iron, 

Should hoop iron bond be used this will be of charcoal iroji. 
No. 16, B. G., one and one half (1 1-3) inches wide cut four 
(4) inches longer than thickness of wall, with each end turned 
« right angles for a length of two (3) inches, and shall be 
pliced eighteen (18) inches apart around the wall, and shall 
ocoir at every fifth horrizontal joint, 

Tbe curb of the well shall be truly cylindrical for all 
■Icpths, and shall be earned down plumb. The outer surface 
ol the brick work must be true to the arcs and smooth, to pre- 
vent sticking as the material is nndermincd from the shoe, and 
(he inside joints shall be ncady struck as the courses of brick 
aic laid. 

Anchor Bolts. The lower or first eight (S) feet of the 
nirti sh.ili be attached to the shoe by ten (10) anchor bolts, 
'='S''t (8) feet long, of seven eighths (7-S) inch round iron, 
"ilh square ntits and wrought iron washers at the bottom and 
•qiiiirc nnts and plate iron washers of one quarter (1-4) inch 
Wler iron eight (.S) inches square at the top, the bolts shall he 
placed about six (6) feet apart, and built in as shown by the 
ilrawing herein mentioned, and after the course of brick next 
under the washers (at top) hns been laid, the nuts shall be all 
Wfewcd down on the washers, and the excess of thread on the 
Mts carefully cut off with a hack saw, to avoid disturbance of 
"» brick work just set. 

Coping. The well shall he finished with a coping of sand 
'line (en (to) inches thick, twenty-one (21) inches wide, with 
'n internal diameter of seventeen (17) feet eight (8) inches, to 
pfojeci two (i) inches inside and outside brick work at top of 
■oro. The Inner and outer edges of coping on top shall have a 
fhiKled wash one and one half (ij^i) inches "in" on the bed 
*n<lonc(i) inch "down" on the face. The coping shall be 
"lids up in ten (10) segments of uniform length of arc, and 
■liatlbe dressed to lay with less than one quarter (J^) inch 
)t>iiit The joints shall he filled with mortar worked in with the 
I'owel and the several segments shall be cramped together with 
"on cTRtnps of best "J4s2j4 f. b. iron with legs 3^^ inches 
'oig, »nd width of cramps between legs fifteen (15) inches. 
"'"^ew tramps shall be "let" into the beds of stones at the mid- 
wiilth, (lush with the surface of coping, and the leg pockets 
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^hall be cut slightly dovetail with n flare downwards, and anfr' 
the cramps are set shall be run with hot lead cntilked in place. 
Tlie lower bed shall be chisel dre!>5cd to make a joint on a full 
Ijed of mortar with the last course of brick, and the faces and 
upper beds shall be finely chiseled to a smooth even surface. 

Excavation. The well will be constructed by the under- 
mining method, a circular hole, twenly-one (ii) feet diameter 
will be sunk in the clay eight (S) or ten (lo) or more feci, 
depending upon the capacity of the malerial to stand vertical, 
and at the option of tbe contractor and upon approval of the 
engineer. The shoe will then be placed in the hole and care- 
fully leveled, the anchor bolts being in place, the brick curb 
will be laid as herein provided until the brick work readies a 
hcighth of three (3) feet -ibove the level of ground, when fur- 
ther excavation will be had by removing the material within 
the curb and under the shoe and allowing the shoe lo sellle 
from the superimposed weight of tbe curb. The excavation 
imder the shoe to be carried down uniformly nil around to 
m.iintain a true leve! of the last course of brick on the curb. 
The level shall be taken for each course of brick laid, and 
when found "qut" the curb shall be truly leveled by additional 
excavation under the higher side. J. W. H. 

163. Specification for Turbine Water Wheels. 

The following specifications for both horizontal and vertical 
turbine water wheels was used in the construction of the Urge 
water power system of Austin, Texas, of 1S93. 

Horizontal Turbines. There are to be four pairs of hori- 
zontal turbines of 506 horse power each, under 54, feel head. 
Each pair of these turbines will discharge into one commo[» 
draft tube. On the shaft of each pair of turbines there will be 
two pulleys, each to be adapted to transmit the lull power of 
the pair of turbines, and on the same shaft there will be a he^rV 
balance wheel. The pulleys are to be for belt or rope driving' 
as directed. The turbine shafts are to bsve ample bearing 
surfaces, and each exterior be.iring is to be fitted with oil CU[>» 
and proper drip pockets. 

Each turbine case is to have a man-hole of 10x15 inches 
clear opening. Iv zh of the turbine quarlcr-turns ts to be oi 
cast-iron and is to be fitted with a good stuffing box and i« t<* 
be flanged, fitted and bolted to ita 5!^ feet diameter stopvalpc* 
The draft tube is to be flared at its mouth- A cast-iron plat* 
is to be fitted on the floor of each tail race under each dr**' 
tube, which plate is to be ^Y-- feet diameter and rai sed cara*" 

^CBlly in the center to a point. The fli 

^^Htted with twelve ^ inch lag bolts, 
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The turbine cases, quarler-lurns and feeder pipes are to 
hove proper lugs upon ihem to rest upon the iron beams and 
miisonry. vihicli are lo be their siipporis. 

A strong and rigid frame of iron bciims is to be furnished 
with each pair of turbines. Euch frame is to be supplied with 
proper strong hold-dowil bolts and anchor plates. All anchor 
iod5, pUtes, lugs and braces are to be supplied that may be 
frames, draft tubes and 
rill be free from move- 



D they 



necessary to secure the liirbi 

lecder pipes securely in place, s 

uteuts or vibration. 

Vertical Turbines. There 

K-Itli vertical shafts, each of i 

bead. These vertical turbines 

those above described (or the horizontal turbii 

tubes are fo be quarter inch plate iron with seal 



e to be also two turbines 

horse power under 54 feet 

ill have draft tubes similar to 

The draft 

riveted so as 



fo be air tl^ht and uith seams caulked i 
ler. The shaft of each vertical turbine is to e\lend up to a 
level proper to receive the beveled pinion at the pump room 
fi«*or. A pair of bevel wheels is to be furnished with each of 
lh«5 vertical turbines of ratios as directed, approximately 2 and 
7S— too to I. The larger bevel will be a mortise gear wheel 
^>th planed mortises and fitted with the best maple cogs which 
bsive been thoroughly seasoned and boiled in oil and substanti- 
*'lj keyed in place. The small bevel gear will be machine 
"folded and have planed teeth. 

The vertical feeder pipe with each vertical turbine and its 
9UBrter-turn will be supplied with eacTi wheel case. Within 
fais vertical feeder pipe are to be a sufficient number of bearings 
•** keep the shaft truly in line. These feeder pipes are to be 
"*ade of quarter inch plate iron of good ductile stock, of no) 
'^s» than 40.000 pounds tensile resistance per square inch, and 
**"e to be well riveted with hot rivets and are to be calked water 
"ebt in ft workmanlike manner. 

The qu.irtcr-turns will be flanged and fitted with bolts to 
Connect them to the veiticul and horizontal feeder penstock 
Pipes or valves. Each vertical turbine is to have ample capacity 
*"lien working under 54 feet head to start its pair of pumps 
*^'licn pumping at a rate of four million gallons in 24. hours 
"Sainst a pressure of 265 feet of water and to bring the speed 
"^ the pumps quickly and easily up to a rate of 25 revolutions 
Per minute. 

The turbines will have bronze buckets, approved gates and 
gate gears, and composition stuffing box glands. Approved 
^«st'iron, bright siancl.ard and hand wheels will be set on the 
ni aio floors of the house, where directed, and connected with 
tHe gate gears. Approved, sensitive regulators will be cou- 
'lecied with the horizontal turbines. Substantial pedestals' 
be provided for the bearings of the horizontal shafts. 
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The turViines are each to he guarjinlecd to give a duh nf 
not leas than So per cent, by dynamomctric;il teet. ia a tesilnj 
Hume, or by similar test when driving their pumps at s rate to 
deliver four million gallons of water per 24 hours into ilw 
reservoir. " 

The turbine cases, turbine and draTt tubes, also the vertiol 
feeder pipes of the vertical wheels and nil the quarter-tmnsT 
are (O be set In place in the power house being coostruclctl 
in Austin, Texas, by the Board of Public Works of Ibe citV* 
and their materials and workmanship, and their trimmings ant^^ 
anchorages are to he of the best of their respective classes, 10 
the full approval of the Engineer, and are to be gu.iriinleed und ' 
maintained in perfect condiliou for the Icrni of one year ahet 
their test and acceptance. 

A general plan accompanying this specification shows the 
w-heel pits, penstocks, feeder pipes and draft tubes* the floors 
of the power house and method of using the power. Full detail 
drawings of the turbines and their appendages are to be deliv 
ered to the Consulting Engineer and are to be subject to his 
approval in all respects. J. T. F. 

164. Specification for the InBtaUation of t 
Electric Lighting Station in a Small City. The fol- 
lowing specification for an clctliic lighting station were pre- 
pared in the year 1S94, for a small city which required an 
economical installation. They are given here, not for the pur- 
pose of being copied, but as an illustration of what was con- 
sidered good practice at the time ihey were drawn. The 
geatlemnn who prepared these specifications has had a large 
experience in Electric Light installation, having been nt one 
time manager of an Electric Works, while at the same time 
being a mechanical engineer of thorough training and wide 
experience. The work was to be erected under his own 
supervision and inspection, so that it was only necessary 
to make such a specitication as would warrant him in demand' 
ing first-class materials and workmanship in the execution. 

STATION PLANT. 

Dynamo: The dynamo shall be of constant potential 
alternating incandescent type, and to have a nominal or rated 
capacity of thir^ to thirty-five kilo-watts, atone thousand I 

•Tl>e suibQT iccuiriincndt ihui a bupiii un.) ruHeiiotccondliiuD iheuU N 
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-tmc (houfiand and one hundred volt nt station. Slate number 
of oltciiitions per minute. Kxciter to be belt driven from 
;iUcrnator shaft. By "nominal" or "rated" capacity is meant 
Ihst load at which the dynamo will run continuously, without 
ondiie heating. Proposals will state the capacity, a 
nmounl of overload the machhie will safely stand for three 
hot weather. Bids are also desired on direct 
Scied generators, with high speed engine of approved de- I 
Bids must give full details, and be accompanied by i 
Bugs. 
^AtlachmcHts : Machine to have insulated base frame, 
licit tightener, self-oiling bearings, automatic regulator, and all 
necessary station and switch-board apparqtns, including light- 
X nrrfsters. Submit a list of station equipment intended to 
ished. 
tttgulaiors: Must automatically control the current over 
btire range of the cupacity of the m.tchine, without undue 
rug. or sparking; so that the power required U at all times 
'■'proportionate to the number of lamps burning. It must pro- 
' Ic a steady and uniform light, with variations In the engine 
fed not exceeding three per CL-nt. The regulators must pi'O- 
Sie dynamos in case of short circuiting on the line. 
Erection: Contraclors ivlll deliver machine, and all sta- 
■ipparatus, and erect same in position, including substantial 
mdatioas of concrete. They will lun wires in station 
"between outlet where external construction begins, and switch- 
board, machines, arresters, exciter, grounds, etc. Wire to 
Okoniie. Furnish and place switch-board, and erect all appa- 
ratus theteon. Furnish expert to erect, adjust, and run appa- 
ratus ten days. Instructing the city's attendants in its care and 
operation. Contractor must keep informed as to the progress 
of the work, and aiTange the time of his experts accordingly, 
and there will be no allowance for extra time or traveling 
expenses, not specially ordered. State charge per day for the 
llnje of expert longer than ten days. 

Acefptatice: Before leaving, the expert must satisf-icto- 
rily make the capacity test, and such otlier tc^ts as the city may 
ro<ntin;'to satisfy itself that the provisions of the contract have 
been fully can'icd cut. At the ei:d of the ten d.tys' run, the 
ni>params will be acceplcd, providing the requirements of the 
contrnct have been fully met. 

Switch Board: Furnish and erect a switch-board, com- 
plete, of good, hard, well seasoned wood, providing for one 
dynamo and two mains for commeicial, and for street lights as 
^ciaaftcr provided. Arrange for easy access lo rear of board. 
'^ mlt list of apparatus to be placed on switchboard. 
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.Lightning Arrest s: Include six double polt Ughtnin 
aiTesters of approved fo: • for use on the drcuits througlioi 
the city, 

MISCELLANEOUS APPARATUS AND SUPPLIES, 



Converters: From one thousand to one hundred volts 
Number and capacity to be as per the accompanying list 
Each must be provided with fuse bos and eye bolts, or wroiigh. 
1 straps; with hooks on upper ends to hang directly from 
cross arm or cleats. The regulation must be within two an* 
one half per cent, for the smallest size, and two per cent, fo 
the largest, besides which, the leakage losses must not excce- 
five per cent, on the small, and one per cent, on the large, an» 
the regulation and leakage must be unilorm for all convener' 
of the same size. Each converter must be ample to carry, j- 
emergcncics for three hours continuously, without dangeroua 
overheating, twice its rated capacity, but, of course, wil- 
reduced efficiency. 

Shunt Coils: Fifty in number; one to be used with eac: 
street lamp, of «hich there are five groups, of ten each. 1 
shunt coils to take care of the cuiTcnt in the event of a la 
burning out. Furnish two extra coils for reserve. 

Meiers: Will read ampere or watts hours, and must 
carefully adjusted and tested before shipment. " 



dish one extra i 
of i 



■ of each of the thiii-^' 



To!] 



ake. and furnished wit* 
Efficiency fifty-five w»t» - 
nish, now. 1,000 sixteen 
idle power. Allforoir^ 



: approved 
such base as may be selected Inter. 
per sixteen candle power lamp. F 
candlepower, and ICX3 thirty-two 1 
hundred volt current. 

Sockets: One thousand of first-class construction, wii 
porcelain base to fit such lamp as may be selected later. 

Delivery and Erection : The converters, meters, lamp 
and sockets shown on accompanying lists and maps, are to t 
erected in position. The rest of the quantities above name 
are to be delivered to the city for future use. 

Future Orders: The quantities hereinbefore mentione 
ore to be included in original proposal price, but a price rou 
also be named at which additional orders may be placed with= 
one year from signing contract. 

EXTERNAL CONSTRUCTION. 

Pole Line. — Furnish and erect in position all poles ar 
cross-arms for the complete distribution system shown uu hti_ 
print. All poles to be live peeled while cedar, 30 feet long, 
inches diameter at top, housed and gained for two cross-arnv 
Set 4^4 ^eet in giound and tamp well. Poles must be strat^ 
Any pules crooking more thau one inch in | 
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Mt or 



having : 



thai 



ten pel 



irmt. rot in butt, will be . 



rejceteil. Loc.ition of poles will vsiw between too and 150 
ft-ei apart, averaging probably ug All locations to be | 
approved by city. Furnish iz extra poles for future use. Fur- 
niib oil material and do all work, connected with the primary 
sjstem, starting from stalion outlet, and including secondaries 
t« house inlets. Corner pins to be I'/i inch extrn quality 
locust, except in cases of unusually severe strain, where they 
vxust be of iron ; all others i tj inch pointed oak; allwiieHto 
l3e carried on insulators of the deep groove double petticoat 
PRtteni. 

lyir^, — To have triple braided weather-proof insulation of 
superior finish and smoothness, tough and not easily abraded, 
and which will not disintegrate or deteriorate by exposure to 
tieelcments, and equal in all respects to "K K." The wires 
**i!I be of sizes as shown on blue print. The drop from con- 
^'WtoT 10 house inlet when ;ill lamps shown on map are burning 
*t Once must not exceed one per cent. 

Street Lights. — Will be 47 of 33 candle power each, run 
■" groaps of 10-100 voll lamps, wilb shunt coils, each group in 
*Pfles. Location of street lamps and v\ ires as per accompanying 
"lue print. All wire No. 10 H. & S. FurniBh and erect on 
*Witchboard at station, switches controlling all street lights. 
There will be two groups of 10 street lights each. The other 
*hree groups will each have 3 lights on street, and one in 

Hanging Lamfs. — Contractor is to furnish all fixtures. 
*naierial and labor; to hang in position the 47 iiicandescent 
street lamps ^hown on map, as high above grade line as possi- 
ble; with cutlers suspension street hoods, with cross-arms, 
>Q6ulaIors, nozzles, and petite pulleys and % inch galvanized 
Ton flexible lamp cord, with hemp core; also galvanized steel 
"vire strand ^ inch diameter, for suspending lamps in the cen- 
tre of streets, by the cross suspension method. Use eye bolts 
With washers for suspension wires, projecting sufficiently to 
pennit slack being taken up by tightening 1 ' ' ' ' 
nrnif are to be used w here lines leave poles, ot 



i made. 



onbli 



Rilurns fro 
'uc print r 



Street Circuits. — Shown 
ut into commercial cir 



whcrevt 

n broken Hn 



a loop 



instead of 



'^^turning to station independently. 

/neaHdescent Distribution. — Will be shown on accompa- 
"i'mghJuc print 

/« General. — All joints are to be well soldered and 
^Ped. No wire must be lower than 20 feet above grade line. 
■'"I Streets, alleys, and other public places where work is done, 
**'««t be left in as good condition as before starting. Use 
Pscial iron brackets wherever necessary, always placing some 



ENGINEEKING SPECIFICATIONS. 



eoft moisture proof material 
insulator. Elect on incande: 
BIX liglilniug arresters. 



mains where diiccted, tJic 



Capacity. — All secondary wi 
to carry at one time 25 per cent. 1 
sliown on the accomp.inying map. 
at 100 volts. The c' 
Inmp with the abovi 
cent. 

Erect io>i.—A\\ 
where some other ph 
ient. Converters, me 
by this contractor, plai 



must be sufficiently laige 
lamps than the number 

hout undue heating, and 
from house inlet to the most distant 
:imum load must not exceccl 1^ per 



lets to be in front of houses, except 

; may be designated, as more convcn- 

sockets, and lamps are to be furnished 

>y him and connected permanently 



in position, complete. All other necessary material, such as 
fuse boxes, switches, cut-outs, etc., to be furnished and erected 
by this contractor. 

Plans. — Name a lump sum for the complete installation of 
the lamps located on the blue print in accordance with thcie 
specifications, State also: 

ist. Price per lamp at which this schedule may be added 
to or deducted from. 

id. Price per lamp which will be charged additional for 
concealed work. 

Character of Work. — Except where otherwise arranged, 
all interior wiring will be open cleat work, using white double 
braided painted fire-proof wire. The details of all indoor wir- 
ing will be in accordance with the rules of the St. Louis Board of 
Fire Underwriters. The city will have the work inspected from 
time to time at its own expense, and any work which may be 
found, at any time previous to the acceptance of the plants not 
in accordance with those rules, must be put into satisfactory 
shape by this contractor at once. Drops to be No. t6 colton 
flexible cable, with adjusting ball and fibre socket busbing. 

Sfeciaf Work. — The city grants the contractor the right 
to sell shades, fixtures, etc., and to do concealed and 6xturc 
wiring, for which extra work the cuitomers will pay hint 
direct, such work to be done under the supervision of ihe engi* 
ne<^r, and to his satisfaction. W. H. B. 

166. Specifications for Electrical Distribution 
Circuits for Light and Power. The following is ihe 

descriptive portion of a set of specifications for electrical dis- 
tribution for light and power prepared for the city of Anttlitt 
Texas, in 1S94. They nre thought to be a good ex.impic ot 
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Ictt'll 



specifications and arc liere inserted exactly s 
; of lilt; eonlract. 



tuits are to be connected wifh the switch- 
apparatus so as to give the most complete 



Power Station: The power station is located at the new 
dam in the Colorado river and Is about three miles northerly of 
the corner of Congress avenue and Pecan strceis in said city of 
Austin. There will be in the power station one iSo kilo-watt 
Iri-phase generator adapted to generate alternating currents of | 
3,700 volts potential, two icx) kilo-watt generators ndaptcd to 
generate direct currents of 550 volts potential, four alter- ; 
natorsof 3,000 light capacity, and two alternators of 1,500 light 
CApncity adapted to generate alternating currents of 2, zoo volts 
polcatial and two arc machines each of capacity to supply cur- 
rents for 100 arc lamps of 450 watts each. 

The wires for power currents will be led out of the station 
(or grouping on one set of poles and the wires for lighting cur- 
rents for grouping on anotlier set of poles. The currents of the 
three power generators will be transmitted by three-wire com- 
plete circuits. 

All the wl« 
board and staiic 

awitching, testing and regulating facililies with the least drop of 
potential consistent therewith. The lending wires are loi be 
strung from the switch-board to the cupola of the power bouse 
and out throwsh the panels of the cupola and are to be insu- 
lated from the building and panels in the best manner. 

All the wires within the buildings will be covered with a 
firm water proof insulating material, such as shall be approved 
by tlie engineer, and to the safe insulation of currents with 
standard potentials of 2,500 volis. 

Pole Lines: Theline poles wlllbe of peeled, white northern 
cedar. The poles are to be straight, sound, smooth and free 
from large or loose knots that might weaken them. 

The dimensions of poles sh:dl not be less than those stated 
in the following schedule and poles of each representative class 
arc to be set at depths not less than those stated in the schedule, 
il set in earth, and six inches less if set in solid rock. 

Poles will not be less than the schedule thickness at one 
famlf foot below their tops, and will be made roofed at Iheir tops 
and their roofs will be painted with the best quality of mineral 
paint. Their lowest cross arms shall be at least iS feel and 3 
inches at center above the center of the street opposite the pole. 

On the main two-feeder lines, between the power house 
and Congress avenue, the poles are to be spaced not exceeding 
100 feet betwceu centers, and on the sub-feeder and distribution 
lines poles are to be spaced not exceeding 1 31 feet between cen- 
ten, and if lengths of blocks are such that tliree pole 
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exceed this limit, four poll 
will be placed in the curb 11 
line if on streets and, if ir 



tiie 



>er block are to be used. Po)M 
r in a line parallel with tlie curb 
alleys, as directed bj? the engi- 



Corner and terminal poles and nil other poles subject to 
extra unbalanced strains shall he securely guyed with No, 6 gal- 
vanized steel wire. Guys sball be so placed and secured a 
to be obstructions or nuisances. 



SCHEDULE OP MINIMUM DIMENSIONS OF POI.BS. 



I mtnt. I 



Class. 


of cross 


mDimum 

length of 
poles. 


Depth 
set in 
earth. 


Height of 
lowest 
ftrms. 


topof 
pol«». 


A 

B : 

c 

D 

E .. 


One. 
Two. 
Three. 
Four. 

FiT6 

Six. 
Seven. 


25 tt. in. 
25 ft. in. 
27 ft. in. 
29 ft. 6 in. 
31 ft. 6 in 
33 ft. 6 in 
35 ft. in 


4 ft. in. 
4 ft. 8 in. 

4 ft. 6 in. 
6 ft. in. 

5 ft. 6 in. 

5 ft. 9 in. 

6 tt. in. 


18 ft. 3 in 
18 tt. 4 in 
18 ft. 5 in. 
18 ft. 9 in. 
18 ft. 7 in. 
18 tt. 8 in. 
18 ft, 3 in. 


i 


G 


m 



Gaios shall be cut in the poles so that the cross arms niil 
lit snugly and rest at right angles to the axis of the polc^. 
Proper gains are to be made to receive lightning arresters, trans- 
formers and other apparatus to be attached to the poles. 

The contractor shall secure all necessary permissions for 
the trimming of private trees and shall do all trimming, and he 
shall secure the necessary permission for attaching any guy 
wires to private properly. 

Cross Arms. — The six-pin cross arms will be four and 
one quarter by five and one fourth inches section, and other 
cross arms of three and one quarter by four and one quarter 
inch section, and all are to be of sound, clear and smooth 
seasoned white oak. The two-pin cross arms will be of clear, 
hard Michigan white pine. 

Each will be rounded on Us top and each will be fastened 
e half by seven inch lag screws with waaberB. 
will be not less than live feet and ten inches 
cross arms not less than four feet ten inches 
vill have one good coat of the best "P. 
and B." paint compound for the purpose before being fuH 
to the poles. " 

The vertical distances between centers of cross ktt 
not be less than twenty inches. 

All four and six-pin cross arms will be stayed i 
quorter by one and one half inch rolled iron japanned 1 
not less than twenty-sis inches long on the six-pin ari^ 
twenty inches long on the shorter arms. 



rtith three and c 



long and four-pin 
long. All cross a 
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Each pair of braces will be secured with two 
tivo by fivc-sixleetitli inches, and one lag screw tliree by five- 
sixteenth inc'hes dimensions ench. with w.ishers complete. 

Pins. — All cross arms carrying No. i or larger wire will 
be furnished with tlie best quality of locust pins and for smaller 
wires with the best quality of white oak pins nil with one and 
ant! one half inch diameter tenons. The interior pins shall be 
eight inches from centers of cross arms and other spacings of 
pins 12 inches between centers. 

The pins shall be covered with "P. & B." paint com- 
pound, shall fit closely in the cross arm mortises, and shall be 
iecured with steel nails. 

Insulators. — Each pin shall have one of the best deep 
groove glass insulators of double petticoat pattern. 

Pole Steps. — Screw pole steps of five eighths by eight inch 
\%TOught iron, galvanized, shall be placed on each pole on 
\vhicb there is a lightning arrester, transformer or ciit-otit. 
1*he lowest step shall be at eight feet from the ground and 
other steps at eighteen inches bchveen centers vertically, but 
alternately on the opposite side of the poles. 

Wire Circuits. — All of the circuits are ( 
copper, of at (east 95 per cpnt. conductivity. 
gauge and of the best quality in every respect a 
ilnclor wires. 

The diameters of the circuit wires as herein 
slated in the dimensions of the Brown & Sharp gauge. The 
wires in the power house will have the best water proof insula- 
tion. The wires in all alternating current feeders and circuits 
ate to have the best wealher proof insulation of standard 
Joubic braided and compounded coverings. 

The arrangements of the power circuits on the poles from 
Ihe power station to West Avenue are shown on an accompany- 
ing plan and the arrangements of the main alternating circuits 
and arc circuits are similarly shown on another plan. 

On the top of the two main pole lines above described 
there will be one guard or protection galvanized iron standard 
barbed double fence wire to be strung on pony insulators, and 
effectively grounded at distances not exceeding 500 feet. 

All joints in wires must have full and durable contact and 
be soldered in the best manner so that the joints shall hold and 
maintain a degree of conductivity at least equal to that of the 
wires connected. All joints so made shall be thoroughly 
washed in an acid neutralizing solution and well wrapped with 
insulating tape, and the finishing end of ibe tape shall be 
wrapped with copper wire. The insulation resistance of the 
is to be equal to the insulation resistance on other parts 



be of pure 
rawn true to 
s electrical con- 
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bin ibe cttv «! 



The power, arc and iltenuliog circuits wtthin ibe cinr 
be ■mnged. u nearit xs pos^ble. » ifaown on the act;i>ii» 
pMOfiog maps of ilic disaibaMoa &ysiem. 

Tbc coouiKfcial and dotneui: ligbiing bj- ■Itcmating car- 
will he divided into eight dislricU, as tbown on the wirtos 
map, and the wires will be proporliooed foe t6 cnndic pouir. 
alleraating lamp traiuformen in each district as follows: 
Diitnct K». 1. ISM I^mpm ud 19M Lanp miwelir of tn«iAm». 
■■ 2, 3M0 " " Z1M u .. .. 

•• t. SOM " " MM " " •• 

" 4. ISM " " ISM '* 

" ». 15M •* " IIOD - •• •• ~ 

•■ 8, 15« •• " I'M " " « - 

■* " 7, ]5» " *• 12« " " " " 

•• 8, 15« " " 12M •• •■ •■ 

The power generators will have their cnrrcnta wfred tnrn 
the power home into the city by the Boulevard and Pecan 
Mreet, to Red River street, and a branch current wire wil! 
extend along the alley between Congress avenue and Colorado 
street from 3rd to loth streets. The transmission will be V 
ihrcc-wirc circuits with complete returns, and the drop i" 
potential in full power of the generiAtors shall not exceed Ka 
per cent. 

7'tntiers. — Thirty iron "Star"' lighting towers of llr 
Detroit pattern, 1 50 feet each in height to lop of mast, are to be 
located in various pans of the city as sho\vn in the accompwy 
ing maps of lighting lowers. These towers are to be of tb' 
inoBt siibslBntial construction, substantially guyed, and equip* 
ped witli six 4^0 watt arc lamps each. 

Each of the two circuit systems of wires for lighting iheK 
tower arc l.xmps is to be of No. 6, weather proof, msulstct^ 
copper wire, connected with tlie swiicb board in the powf 
house. 

Potentials. — In the wires for commercial and domestic 
lighting by alternating currents, the loss by drop in potential 
in the mnins between the power house and West avenue shall 
not exceed twelve and one half per cent., and in the sub-feeders 
and branches shall not exceed an additional live per cent. 

Transformers. — The schedule of transformers or con\eri- 
era as herein contemplated is as follows: 

Twoatyon* of 12 Lamp CapBcity, 50 watts par lamp. 

Ntnatr-nbaot 23 Lamp Capacity, SO watts per lamp. 

Fortyof 50 Lamp CopBcitf, liO watta p«r lamp 



FlFlesnof 70 Lamp Capacity, 60 « 

PUtaunof 00 Lnmp Capaoi^, BO n 

Klaven of 125 Lamp Cnpaoity, 60 n 

Twdveot 2S0 Lpimp Capoaity, fiO n 

Onii ot 600 Lamp Capaoity, 60 H 

The Mid party of the first pxrt hereby 
exchange converters by sizes, taking an equal capacity in 



s per lamp. 

B per lamp. 
a per lamp. 

itU per iBinp. 

the rigjjfej 
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conveturs as the interest of its patrons shnll require. The con- 
Tertcrs, as located by the engineer, are to be fully connected in 
tbe Tnring drcnits ready for attaching ibe domestic and com- 
mercial wires. 

Gronnih. — Effective grounds are to be prepared for each 
of the lightning arresters and for the ground conneclions of the 
guard wires. When no good ground connection is available 
B is to be prepared by placing two bushels of good coke or 
diarcoal near the base o( a pole and placing therein a copper 
plate, one eighth by four inches in section and three feet in 
length, and (he ground wires are to be soldered thereto. 

Apparatits. — All the circuits will be fully equipped with 
(be requisite installation apparatus required for the safe and 
easy operation of ihe lines and for their testing, inspection and 
maJnlcnsnce, such ns feeder boxes, primary switch and fuse 
bnxes, cut-outs, transformers, etc., each marked with Iheir snfe 
iiiDpere carrying capacity, and all lines will be fully equipped 
with ligfatiitng arresters. 

Each piece of ihis apparatus is to be located as directed, is 
tob« of the best material and workmanship for the purpose and 
is to be set and secured in the best manner, and each is to be 
subject to the rgid inF^pection and test, and to the approved and 
rejection of the engineer. 

Guarantees. — All apparatus, mnteriale, and workmanship 
herein specified and contracted for arc. by the snid party of the 
second port, hereby guaranteed against all cicclricnl anil 
mechanical defects, and defective workmanship for the space o( 
; year from and alter their completion and acceptance. The 
parly of the second part also hereby guarantees that any of the 
lighting tOAcrs herein contracted for, when provided with six 
direct current arc lamps of 450 watts CRpacily each (2,000 nom- 
inal candle power) will illuminate any portion of a circle 3,000 
teet in diameter, of which the tower is the center, sufficiently 
W that any ordinary watch may be read on the darkest night 
when the said towers arc illuminated. J. T. F. 




PART IV. 

Illustrative Examples of Complete Con- 
tracts and Specifications. 



1 



EXAMPLES OF COMPLETE ENGlNEEniNG SPECIFICATLOXS, 

FRAMED AS TO INCLUDE THE CONTRACT AND BONO, 

TOGETHER WJTM ALL THE GENERAL CLAUSES, 

SO DRAIVN AS TO BE DISTINCT AND 

6BPARATB FROU THE 

SPECIFICATIONS. 

166. Contract and Bond Oombined in One Doc- 
ument with the Specifications. It is often customary 
for corporations doing a great (leal of work by contract to have 
a standard form of combined contract, specification, and bond, 
in which the contracting and surety clauses remain the sbedc, 
and in which n large proportion of the general clauses remain 
unchanged, while the specifications proper vary in accordance 
with the different classes of work to be done. Of such an ex- 
ample is that given in the following article, this being the 
standard form used by the city of St. Louis. It will be noted 
that in this contract, the contractor is represented as the party 
of the first part, and the city of St. Louis as the party of the 
second part. In Part II of this work, wherein the general 
clauses of specifications were discussed, the party of the first 
part was supposed to indicate the employer, and the party of 
the second part, the contractor. It is, of course, a matter of 
indifference as to which custom is followed, so long as the doc- 
ument clearly defines the meaning of tliese terms. 
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In all the examples give 
subjects of the clauses wil 
This is the common practice 
Lfen followed ia the previ 
examples choseii were fragm 
not seem to require thi 
houever, it is advisabl 



in this portion of the work, (lie 
be indicated by marginal titles, 
all specifications, but it has not 
s portions of the work, since the 
tary in their character, and did 
kind of indexing. In actual practice, 
to use these marginal titles for conven- 
ience of reference. So also should the clauses be al! numbered, 
as is done in the examples which follow, these numbers also 
having been omitted in the previous portions of this work, 
because of their fragmentary character. 

167. Contract and General Specifications for 
Large Pumping Engines. The following complete con- 
tact and specifications was used in 1S94 by the Water Com- 
missioner of Ihe city of St, Louis, in the letting of contracts for 
two large high service pumping engines. They are what is 
l;nown as general specifications, since they do not indicate any 
particular style of engine, and since no plans were drawn for 
the worii. It should be understood also that the city oi St. 
Louis is obliged to let all public work by contract and always 
to accept the lowest bid or to reject all bids. It has hitherto 
b«n customary for this city to prepare detail plans for all pub- 
lic work because of this provision requiring them to accept the 
lowest bid. These specifications have therefore been dravvn 
with [be greatest care, and in such a way that the city may be 
aMe to accept the lowest bid without danger of obtaining an 
inferior product. The gentleman who prepared these specifi- 
cations is a thorough civil and mechanical engineer of about 
Iwenly years experience in the designing and operation of pump- 
itig engines, and therefore the requirements here embodied are 
likely to represent the latest and best practice. They are given 
'iere, however, not for the purpose of being copied, but for ilie 
purpose of illustrating the care and foresight required in the 
telling of contracts under general specifications, in order that 
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nil the bidders mny be placed on an even footing, and tbntevu 
the loMe^t b:d shnll of necessity correspond to ii tir&t-clc^s and 
in every way satisfactory result. In general, where tt is obllgd- 
tory to accept the lowest bid, it is advisable to bave detail pltini 
prepared. The privilege bad been specially reserved, however, 
in the advertisement of this work, to reject all the bids, iC none 
of them proved satisfactory, but the city is not allowed, under 
its charter, to reject a lower bid, and accept a higber, 

Referring to clause D in these specifications and to the lau 
poilion of tbat clause, the wording here is evidently too inclu- 
sive. That is to say, the Water Commissioner would not bo 
allowed by law to "decide all questions which may arise rela- 
tive to the c\ccuIton of this contract on the part of the contrac- 
tor," with the condition that "his estimates and decisions KboU 
be final and conclusive." See articles Ii and 13. parti, nnd article 
109, part II, for 3 discussion of this question. 

168, Contract and Speciflcationa />/■ 
deiigning., furnishing and erecting at High Service 
Pumfitig Station iVo. j, St. Louis, Mo^, Pumping 
Engines Nos. 7 and 8, -with I-ixtures and all Af' 
purlenances Complete. 

A Agbkement made and entered into this 

day of , lb — , by and between 

, part of the first 

pait, and the City of St. Louis, party of the second 
part, wilnesseth : 

Whereas, The Board of Public ItnprovemcnM 
ol the said City of St, Louis, under the provisions of 
Ordinance No. 17006, approved December 30, iStjs, 
and by virtue of the authority vested in the said 
Board by the Charter and gener.1l ordinances of (lie 

city, did let out unto the said 

the work of designing, furnishing and erecting, nt 
High Service Pumping Station No. 3, St. Louis, 
Mo., Pumping Engines Nos. 7 and S. 



Nov.>, therefore, in consideration of tl>e pay- 
ments and covenants hereinafter mentioned to J 
made and performed by said second party. 
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- hereby covenant and 



t High 



a^ree to furnish and erect in the pump pila at t 
Ser\-ice Pumping Station Ko. 3, two pumping 
cogines, each of a capacity of ten million U.' S. 
gallons of water in twenty-four consecutive hours, 
with at) fixtures and nppurtenances complete, and in 
conformity to t!ic rv-quirementa and conditions here- 
inafter specilied. 

Wherever the words "'Water Commissioner'' 
are nsed herein, they shall be understood to refer to 
the Water Commissioner of the City of St. Louis, 
and to his properly authorized agents, limited by the 
particular duties entrusted to them. 

Wherever the word "Contractor" is used herein, 
it sh»ll be understood to refer to the part who 
ha entered into the contract to perform the 
work to be done under this contract and these 
specifications, or the Itgal representative of such 
part 

To prevent all disputes and litigation, it is 
agreed by and between the parties to this contract 
that the Water Commissioner shall, in all cases, 
detcrmiDe tha quantity and qnaMly of the several 
kinds or material to be furnished and work to he 
done, the duty and capacity of the engines, and the 
amount to be paid under this contract; and he shall 
decide all questions which may arise relative to the 
execution of this contract on the part of the Contrac- 
tor, and his estimates and decisions shall be final and 
conclusive. 

The said part of the first part hereby agree 
that rU materials and workmanship, of whatever 
description, shall be subject to inspection and rejec- 
tion by the Water Commissioner, and that the entire 
work shall be done to his satisfaction. The said 
[lart of the first part further agree that the Water 
Commissioner may appoint such assistants as he 
may deem necessary to inspect the materials to be 
be furnished and the work to be done under this 
agreement, and see that the same strictly correspond 
xvith the specifications hereinafter set forth; and 
that said Water Commissioner shall at all limes have 
tljc right to enter the works, shops, etc., where the 
machinery is being constructed, for the pui 
inspection and examination of the ' ' "■ 

nnd work being doi 



materials furnished 
md shall be afforded 



assistance as may be required to detern 



whether 



lality of the materials wnd the char.icler of the 
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woik are in accordance with the requirements fflit 
inlcntions of this coiilract. 

The part of the first part further agree that 
the materials used throughout the engines und ap- 
purtenances shall be of the qualities specifiecl. and 
new and unused vshcn put into the work, and thni 
the engines and appurteuances shall be constructed 
iind erected in the most workmanlike and substantial 
manner, and everything done and furnished neces- 
sary to complete and perfect the engines and appur- 
tenances according to the designs and intentions of 
this contract, whether particularly specified or not. 
but which may be inferred from the drawinge and 
from this contract and the fol[ov\jng apeciHcations: 

SPECIFICATIONS. 

1. The work to be done consists in making 
the design, furnishing general and detail drawings, 
constructing and erecting complete in place ready 
for service at High Service Pumping Station No. 3, 
St. Louis, Mo., two vertical triple expansion con- 
densing pumping engines. Each engine shall pump 
ten millions U. S. gallons of water ia twenty-four 
hours. 

GENERAL DATA. 

Water Pressure 125 pounds. 

Steam PreeEiire 125 poDndS. 

Elevation Bottom Pump Pit (City Datum 100). 90 (eot. 

Elevation Eug'Ine Boom Floor .116 feet. 

Elevation Water in Wet Well (Approximate). 110 f«et. 

Dimensions o£ Pump Pit 56iS7 teet. 

PLANS. 

2. A complete set of accurate and distinct 
detail working tracings, made in accordance with 
the genera! plans submitted by the Contractor with 
his proposal and approved by the Hoard of Public 
Improvements, shall be furnished by the Contractor 
and submitlcd to the Water Commissioner within 
four months after the award of the contract. 

3. The tracings shall be of uniform size — zgji 
X39 inches — iind shall have a clear margin of at 
least ^ of an inch. 

4. Tlie kind of material to be used In each 
and every part of the constructioa shall be dearly 
denoted in the tracings by different section lining or 
by distinct letteriug. 

5. The tracings shall shoA- complete sectionll J 
outline and plan views, giving all necessary dimtD— 
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undin 



ind thkkni 
1 the 



of I 



etal, radii of fillets ; 



idings iu the various parts of the construction in 
plain and intelligible figures, and shall definitely 
itute in printed letters, at all surfaces and details, 
the name of the parts sind the kind of maehine work 
and Rtiish to he put upon them, thus enabling the 
innchinery to be built and completed uKclusivcly 
froni blue prints taken from the trneings. 

6. There shall be sep^irate tracings showing 
(he valve motion, as put together in working con- 
dition. 

7. The tracings will he esjimined by t!ie water T-j^'Appror- 
commi&Moner, and if found in accord with this con- 
tract and specifications, will be approved ; any 
change found necessnry shall be at once made by 

tfae contractor to the satisfaction of the Water Com- 
missioner. 

S. The contractor Bhnll also, within two months "1°"*^}^°^^' 
niter the award of the contract, furnish accurate and 
Aorkmanlike general tracings, made in accordance 
\>ith the drawings submitted by the contractor with 
his proposal, and filed in the office of the hoard of 
public improvements, and with the detail drawings 
approved by the Water Commissioner. 

9. These general tracings shall show the posi- 
tion of the engines in the pits, with all required 
foundation piers and bolts, and all floors, girders, 
platforms, stairs, galleries, railing, pipes, stop valves 
all appliances complete, giving all general 
Oimensions required in the erection of the machinery. 

If, during the construction, it be found ';^"!*""'«- 
expedient or necessary to change or modify the 
design of any of the details of the engines, wortiing 
cl rowings showing the proposed changes shall be 
tibtnitted to and approved by the Water Commis- 
sioner before any change is made. 

All drawings rendered in any way incor- 
rect through changes or modifications, must be com- 
pletely replaced by new tracings. 

Before the final payment for the engines, '^^'^^/'q,^!;: 
the contractor must furnish and deliver to the water lugs, 
comnaissioner a book of complete general and detail 
drawings of all parts of the engines and appurte- 
nances, as built and erected. 

The detail drawings shall show all details enter- 
ing into the construction in sectional, outline and 
f>loo views, with all dimensions plainly written in 



It and intclligil)le ligtirc 



rinted at 
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every detttit. {he kind of material used and tlie finUla 
of the various parts and surfaces. 

The genera] drawings shall show the engines in* 
position in the pump pits in at leaet four diSeteac 
views, viz. : Sectional side elevation, sectional end 
elevation, contour or outline end elevation and plna, 
and shall give necessary main diniensions, thickncs< 
and kind of metals, location of fouudation bolls, and 
all important sizes of the machinery as erected. 

These general and detailed drawings shnll be 
made on mounted double Elephant paper of asize of 
^5?^ "39 inches inside the margin lines, strongly 
and substantially bound in book form, \rith the name 
and date of the engines printed in gilt letters on the 
covers of the book. 

All drawings shall be accurately and neatly 
executed in ink in a workmanlike manner and to an 
appropriate scale. AH sheets shall be nniformly 
lettered and consecutively numbered and providi 
with proper titles and headings. 



General Features, 



13. The two engines shall be designed to 
erected and operated independently io the south pif 
of the engine house, which will be built by the city 
of St. Louis, subslanlially as shown by Ihe plans on 
file in the oflice of the water commissioner. 

Especial attention must be paid to the fact that 
the engines will be used for direct pressure scr\ice. 

14. Engines shall have ample space around all 
their various parts for access and maintenance. 

15. The height of the water in the wet well 
will depend upon height of water in conduit, which 
will be approximately constant. 

16. The engines shall be designed for an 
initial steam pressure of 125 pounds per square inch 
and a water pressure of 125 pounds per square 
inch. 

17. The pumps shall be designed and con- 
Elructed to deliver the stipulated quantity of water 
at a plunger speed which will insure n smooth and 
effective action of the pump vnlves, and all working 
parts of Ihe machinery, but in no case shall the 
diameter of any pump plunger exceed 40 per cent, 
of its stroke, or the plunger speed exceed tSo 
per minute. 



1 



SPECIFICATIOKS FOE PUMPING ENGINES. 



18. The arrangement and construction of the * 
engines (bait be such lliat they will give equal eteam 
cards on the up and down strokes. 

19. The engines shall be designed and pro-"* 
portioned to have great working strength, stability 
and stiffness, and ample space around all parts for 
erection, repairs, lubrication, inspection and adjust- 

:o. The steam cylinders and the plungers of ^ 
the engines shall be vertical. 

II. The steam cylinders and the regulaiing ^ 
mechanism ot the cut-off and valve motion shall be 
placed entirely above an elevation of 120 feet above 
<)atum. 

23- The pump chambers and steam cylinders v 
shall be rigidly connected and sujiported through 
Ibe intervening frames and columns to make the 
whole construction of ample stability, strength and 
stiffness. 

23. Each engine shall have vertical, single ^ 
Bcting outside packed plungers, iind no construction 
uill be allowed requiring internal stuffing boxes, 
glands or water packings in the pumps. All stuffing 
boMs shall be re.idily accessible for inspection and 
lighteQing up, while the engine is running. 

24. The machinery shall be so constructed, "j 
■supported and arranged that the pump chambers or 
uny important part or piece of the substructure can 
I'e easily removed to such position that it con be 
lioiited out of the pump pit v^ithout necessitating the 
(tame and fixed parts of the superstructure of the 
machiaery being taken apart, disturbed or removed. 

25. The two engines shall each be provided ' 
with a surface condenser, of tppropriale size and 
conslruction to maintain a steady vacuum, and 
designed to directly utilize the water discharged by 
the main pumps for condensation of the exhaust 
itean). 

26. The contractor shall furnish and put up^J 
»!1 pipes, valves, oil cups, drip pans, fittings and " 
^res required to make the construction complete 
imide the engine room and pump pit, and shall 
ttnsitb flanges drilled for connection on end of 
pipe* near wall. 

27. The various parts of the machinery shall ' 
be of plaia shapes and forms, adapted to their 
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specific purposes, insuring great strength and reli^ 
bility w itli good mechanical effects. 

Frame and Fixed Parts. 

28. The frame and foundation of the cngiiu 
shall be so designed that changes of temperatiu 
can not alter the distribution of the ioad§ on, 
the alignment of the members of, the frame, t 
where necessary, expansion Joints shall be used. 

29. The frame of the engine shall be designM 
to have great stiffness and weight, so that it shalT" 
withstand all working stresses with the minimum 
vibration. All bed plates or sole plates resting on 
masonry shall have ample bearing surfaces to safely 
distribute ihe working pressures. ^ 

'"■ 30. the machinery shall be substantially 1 

securely anchored and held in place with a sufRcic 
number of foundation bolts. 

31. All castings shall be designed to rvoi 
sudden changes of section and of such forms as \ 
cool uniformly without shrinkage strains. 

32. At all llanges of castings there shall be j 
reinforcement, or addition of metal, of at lenst 3opi 
cent, of the regular thickness, which shall extend i 
length or height at least twice the total thickness i 
the metal at the reinforcement. All flangei 
not less thickness than the total metal at the n 
forcemcnl. 

33. All castings must have good sized filletfil 
all ccjrncrs; no small brackets will be allowed. 

34. If rehenters are used they shall be desigi 
and consti-ucted to be absolutely steam tight undei 
all working conditions to which they will be sub- 
jected, and must have proper heating area and space - 
and facilites for eNaminalion, repairs and renewals. - 

35. If steam Jackets are used they must be = 
secured to the steam cylinder in such a manner as to -^^ 
allow free and easy expansion and contraction, with- — 
out causing internal leakage of joints or derangemeut .^ ■ 
of any description to Jackets or cylinders, or undue =s« 
strains in any part; and must be arranged to insure f^^' 
proper circulation of steam and ready removal of th^^ ^ 
Jacket water. 

36. All Hat plates and surfaces acted upon b^^er 
water pressure must be substantially proportMoe' ^^srf 
and strengthened with a sufKtient number of *"■ • — j 
ribs, lo make them of ample stiffness and slrengll) * to 
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'ly carry the loads to which they will be subjected. 

37. All handholes and manholes shall be of 
ample size, well fitted, and so coiistrucleii as to be 
readily opened and closed. 

3S. Priming and draining pipes and valves 
shall be provided for filling and emptying the pump 
chambers. 

39. The condensers must safely stand alt work- '^ 
ing Strcseefl to which they may be subjected, without 
leakage or weakness of any description. 

40. The condensers shall be constructed to '-J 
give ample facilities and sp.ice for the examination, 
insertion and withdrawal of tubes and packing of 
joints. The tnbes must be provided with perfectly 
tight and easily removable packings, allowing for 
expansion and contraction, wilhoul injury or leakage. 

41. The condensers shall be bo arranged that 
Che amount of water passing through, or cundensing 
surface, can be adjusted to suit varying temper.nlures. 

43. Arrangement must be made for proper 
distribution and circulation of the exhaust steam and 
contlerising water on the cooling surfaces of the con- 
«lensef, withoHl injurious impingement of the steam 
or condensing water, 

43- j'^'l glands and washers used in the con- 
densers shnll be made of composition; all bolts and 
rauts (except stay bolts) used inside the condensers 
^ball be made of Tobin bronze. 

4^. The condensers must be proviilcd with all 
»ccc«sary auxiliary pipes, valves and tanks. 

45. The ho't well shall be set at the highest ' 
dcvAlion in the pit which the design of the engines 
■will permit. 

46. There shall be effectual means and appa- 
tus provided (or the separation of grease and oil from 
the condensed water before it is fed to the boilers. 

47. The suction and discharge pipes shall be ^j: 
Lbiriy inches in diameter, r 

4S. For each engine there shall be a single 
auction or inlet pipe, which shall be attached to the 
g^atc valve, furnished by the City of St- Louis, 
shown in the plans of the pump pits. 

49. The discharge pipe for each engine shall 
be carried np to an elevation of 1 13.6. and then hnr- 
iKOntally through and to a distance of two feet from 
the outside of the pnmp pit wall, and shall be pro- 
vided with n drilled flange for connection to pump 
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"■ 50. Each engine slmll be provided with I 

vessels of sufficient capacity to insure smooth, e>| 
and equal action of the pumps. 

51. Each engine shall be provided with a by*" 
pass pipe, arranged to facilitate draining the putnj) 
mnins and starting the engines. 

•■ 52. Each engine shall be provided with a 

pressure relief valve designed and arranged to by- 
pass the discharge of ils piim|Ss when the pressure 
on the pump mains exceeds 125 pounds per squsre 

5^. The pressure relief lo be of sufficient 
capacity to by-pass total discharge of the engine. 

54. There shall be platforms or galleries of 
cast iron plates or wrought iron open work at con- 
venient locations upon the pump and steam ends, 
which will allow all of the operations necessary in 
running and maintaining the engines to be per- 
formed with the greatest safety and ease. 

55. The Contractor shall design, furnish and 
erect iron stairways, landings and galleries leading 1 
from the top gallery down to the bottom of the pump ^ 
pit, with all intermediate galleries and supporting 3 
girders, beams, and composition railings required to * 
make them complete and satisfactory in all respects. - 
All of the above 10 be made of neat and harmonious -^ 
proportions, and arranged to leave sufficient space ^ 
for hoisting and removing the pump chambers and M^ 
other parts of the machinery withont disturbing nnv -^ 

beams, bed-piatcsor other stati mary parts, or neces 

sitating Ihe removal of stairways, landings or gallerics.^^ 
to any great extent. 

56. The galleries, stairs and platforms shall be -^3 
arranged lo secure as good diffusion of light do wi^-M 
the pump pit as possible. 

57. The stairs to be made without risen— -a 
Tread pla'es and all gallery plates to be made of «» 
suitable open-work pattern. 

All parts of stairs, galleries and platforms sh;iIIS ' 
be accessible for inspection and painting. 

Meehanisni and Wearing Parts. 
'"' 58. All moving parts shall be ol ample &trengtlr-# ^ 
and of sufficient stiffness to prevent undue vibrttioas ^' 
in operation. 

59. All journals and wearing surfaces shall b»^ 
of sufficient size and of proper proportioa to «voia 
ressure and heating. 
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60. When practicable, provision shall be made Coumer-bot- 
lo prevent the wearing o£ shoulders on either station- 
ary or moving parts at their extreme travel. 

6j, All stationary journals shall have suitable Jo""!*'*- 
boxes, babbitt lined when necessary, and nil journals 
above four inches in diameter shall have provisions 
for horizontal and vertical adjustment. 

63. All glands and guide rings of stuffing Bn«h!n|». 
boxes shall be provided with composition linings 
forced in and securely held in place, and the glands 
shall be cupped out to make proper receptacles for 
lubricants, leakage water, etc. 

63. The bodies of all valves, three iocbes in va]v<i«,«tc. 
diameter and smaller, shall be entirely of composi- 
tion, but the bodies of valves larger than three 

ioches, may be of cast iron, with composition valve 
tad valve seats. 

64. All valves, fittings, fixtures and appurte- 
nances used, shall be of an approved design. 

65. The valve motions and starting arrange- steta End 
mentB of the engines shall be such that each engine 

can be promptly and safely started and operated by 
vat engineer. 

66. The steam distribution valves shall be of VaWe«. 
aknown reliable type. They shall be well balanced 

Met so designed as to work with the minimum fric- 
tioa, to wear even and steam-tight, and to have 
pfopcr facilities for refitting and adjustment. 

67. The steam valve mechanism shall be of v«w. Moiion. 
ample strength and .durability, and must be reliable 

in all its motions and entirely free from any danger 

of failure, derangement or rebounding. The engme Resuuiion. 

»nd valve mechanism to be provided with an auto- 

DUtic device to prevent racing in case of a broken 

pump main. 

68. The engines shall be fitted with a variable C"''"- 
tnt-off mechanism so arranged as to be easily and 
quickly adjusted Mbile the engines are in operation. 

69. The running throttle valves of the engines Throitle. 
*b«II be of a well-balanced type and operate quickly 

ud easily under full steam pressure. 

70. The steam pistons of the cylinders shall Pistoiu. 
f« provided with Babbitt and Harris piston packing, 
packing which, in the opinion of the Water Com- 
miuioner, is equally efficient. 

71. Steam valves above six inches in diameter 
^U have steel stems provided with Phospho bronze 



COMPLETE SPECIFICATIONS. 



72. The arcn o[ the siicCion and discti«f» 
v;ilvt;s shall be sufficient to insure proper filling and 
ciJiichargiiig of the pumps under ,ill conditions, but 
in no case Bhall the total suction valve area, or the 
total discharge %'alve area of each engine be less than 
6 square feet. 

73. The valves shall be designed and con- 
structed to open iind close promptly and quiirtly, 
shall be tight and of ample strength, and shall be 
especially designed for facility of repairs and re- 
newals. 

74. All valve stems of stop and gate water 
valves shall be made of Tobin bronze. 

75. All connectiug, piston, plunger and dis" 
tance rods, and all movable parts must be of ample 
strength and stiffness to withstand all working 
stresses. 

76. The piston rods, plunger and plunger 



rods, 



and all reciprocation parts have properlv 
' ' "" crossheads 



guides and crosahe; 
shall have shoes adjustable for wear. 

77. All journals and pins of connecting and 
valve rods, and of all reciprocating and oscillat- 
ing rods, shall have well proportioned strap or box 
ends having easily remoxable composilJon bases, 
Babbitt lined where required, and provided with 
wedges, keys or bolts for adjustment of wear. Each 
link or connecting rod shnll at the different ends, 
have provisions for compensation of weir in the 
same direction 

7S. All strap or box ends shall be of a shape 
having great strength and stiffness, holding the com- 
position boxes securely, and giving a neat and work- 
manlike appearance. 
'■ 79. AH nuts of pillow block caps bolts and 

follower bolts of pistons, all screw joints of moving 
pans and all keys shall be provided with a secure 
locking device. 

80. If a Hy-wheel is used, the shafts shnU rest 
in pillow blocks very securely and rigidly supported 
at ample distances apart, 

81. The construction of the air pumps must be 
sucti that they will at all times perform their work 
promptly without noise or injurious shocks. 

$2. The air pninp and all accessory pump* 
required to run the engine, except the i " 
pump, shall be driven from the maia • 
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-MATEIUALS, 

S3. All materials used througLout tliis con- 
itniclion must be of the special class and grnde 
called for in the specifi cations niid designated in 
drawings, and shall in eacb case fully stnnd the 
specified tests. 

84, All castings shall be free from blow holes, '^ 
flaws, scabs and defects of any description, iind shall 

be smooth, close grained, sound, tough, and of true 
forms and dimensions. 

S5. All casting must be done in accordnnce 
with the best modern foundry practice to oblniii 
cssdogs of the very best quality. Castings above 
5»» pounds in weight shall be moulded in dry simd 
or loam. Great care must be taken to make all 
castings as nearly as practicable of uniform thick- 
ncta throughout. 

86. No plugging or other stopping of holes or 
defects of castings will be allowed. 

87, The cast iron used in the steam cylinders, c 
the (team distribution valves, the barrels of air 
pumps and the water plungers shall be close, fine 
grained, hard and uniform in character and of good 
wearing qualities. The cast iron used in all other 
pan* of this construction shall be of superior quality, 
toueb and of even grain, and shall possess a tensile 
strength of not less than 22,000 pounds per square 
inch. Test bars of the metal 3 inches by 1 inch, 
when broken transversely, 24 inches between snp- 
porU and loaded in the center, shall have a breaking 
ioad of not less than 2,200 pounds, and shall have a 
<Ol>l deflection of not less than 0.35 of an inch 
before breaking. 

85. The test bars shall be cast as nearly as pos- ' 
'i We to the above dimensions without finishing, but 
Wnections will be made by the Water Commissioner 
tor variations in thickness and width, and the cor- 
tecled results must conform to the above requirc- 
neals. 

£9. If any two test bars, cast the same day, 
ihow a tensile strength less than 22,000 pounds per 
*qiiare inch, or do not show the required cross 
lireaking load or dedectiou, all the castings made 
fi>in ibe melting from which the samples were takcu 
niBj be rejected. 

90. All steel castings used in the construction ^ 
'hall be thoroughly annealed and possess a tensile 
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Strength of 65,000 to 75iOOO pounds, and 
cent, elongation in two inches. 

91. All steel forgings used in this construction 
shall be equal to forgings mnnufactured by the Otis 
Steel Company, Cleveland, Ohio, and have a tensile 
strength of not less than 75,000 pounds per square 
inch of section, and show an elongation of 20 per 
cent, in eight diameters. 
"1- 92, All of the wrought iron used shnll be 
tough, fibrous and uniform in character, .ind speci- 
mens broken in the testing machine shall show a 
tensile strength of not less than 5o,cxxi pounds per 
square inch, with an elongation of iS per cent, in 
eight diameters. 

93. If any specimen of sleel or wrought iron 
shall not conform to the above requirements, all 
material of the lot from which the specimen was 
taken, will be rejected. 

94. The Water Commissioner may take at ran- 
dom any wrought iron bolt and nut, and have it 
broken in a testing machine. If any two bolts shall 
not fill the above stipulated requirements for wrought 
iron, the whole lot of that size and make may be 
rejected; the effective area used in computing dte 
breaking strength, will be the area corresponding to 
the smallest diameter at the bottom of the threads, 
when cut in accordance with the U. S. standard. 

95. Rivets shall be made from the best refined 
iron, and must be capable of being bent cold until 
until the sides are in close contact without sign of 
fracture on the convex side. 

96. All rolled wrought iron shapes shall be 
free from twists, bends, seams, blisters, buckl 
cinder spots or imperfect edges. All sheet and Ji" 
iron must be capable of being worked at a pro 
heal without injury. 

97. All rods shall be formed in one continiu 
rolled or forged piece without weld. 

98. All ihe composition metal used [exceptti 
for Tobin bronze and hand railing] shall eoasiat4 
the best quality, new material only, of 1 
specially adapted for the work in each case, 
approved by the Water Commissioner. 

99. All Phosphor bronze used must be hom 
geneous and uniform in character, and shall haw| 
tensile strength of not less than 30,000 pounds | 
square inch, with an elongation of 15 per cenC^ 
eight diameters. 
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3. All Tobiii bronze used must be homo- ''■"^'" Bronie. 
gencous aud uniform in character, and specimens 
liroken in a testing machioe shnll show a tensile 
strength of aot less than 60,000 pounds per scgunre 
inch, and an clon^atioD of 20 per cent, in eight 
diameters. 

10:. Finished bolts and nuts of Tobin or 
Phosphor bronze may be tested in the same manner 
:is specified for wrought iron, and if any two bolts 
shall not fulfill the requirements, the whole lot of 
that size and make will be rejected. 

102. Test specimens and samples of castings, 'r"' Bu* 
forgiogs, composition or any other materinl used in 

this construction, shall be prepared ready for testing 
and supplied in the number, shnpe, llnish and sizes 
required by the water commissioner, and shall be 
prepared as may be directed at any time during the 
pouring or working of the materials. 

For all material taken by the water commis- 
filoner for testing, the following prices will be paid, 
%vhich shall include the cost of preparing and iinish- 
ing the test specimens, viz. : 

For all wrought iron or steel, the sum of ten 
cents per pound. 

For all composition, the sum of thirty cents per 
pound. 

For all cast iron, the sum of three cents per 
pound. 

All broken material to belong to the city of St. 
X'Ouis. 

103. The li.nbbitt metal used throughout the nabWuMeimi. 
cOBitruction must be of (he following approximate 
f>TOportions by analysis: 8S per cent, puie tin, 

C'gbt per cent, antimony, and four per cent. Lake 
Superior copper. 

104. All rubber for valves and gaskets must Rubber. 
l>e of a suitable qualit)', approved by the Water 
Commissioner before it is used, 

105. All other material used in the engines oiher miiet- 
*"d not mentioned in these specifications will be ' 
■^'bjecl to inspection, test and approval by the Water 
^•oaimiss toner before it is used. 

CONSTIIUCTION. 

106. The workmanship and finish of the Warkmuiliip. 
P"*»»ping engines throughout shall be equal to ihe 

J**t American practice, and tn every respect satis- 
"ctory to the Waler Commis5ioncr. 
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107. All surfaces worked in madiine tools 
must be true and smooth, and accurately conform to |j 
the drav\ings in shape, size and alignment. 

108. The bearing surfaces of all sole and bed 
plates and parts resting on masonrv shall be planed. 

109. If fly-wheels are used, the parts shall be 
fitted and fastened together in the most careful and 
workmanlike manner and the outer circumferences 
and the sides of the rim shall be turned smooth and 
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All joints of bed plate and frame to be 
r faced and carefully fitted. 

The steam cylinders shall be bored in a 
vertical position, perfectly smooth and truly cylin- 
drical, wilh a boring bar of proper diameter. 

1 1 2. All circular flanges shall be faced on the 
outer circumference. 

All centers of lathe work must be made 
size and carefully preserved. 

ners in journals and elsewhere in 
turned work shall be rounded to proper radii. 

115. All steam joints shall be made in an 
approved manner, with a very thin gasket of Jenkins' 
Usidurian packing. 

116. All water joints to be mac 
or paper gaskets, arranged with special care li 
vent blowing out. 

117. All seats of steam and water gates must 
be scraped and ground tight. 

1 iS. All journals to be turned straight, cylin- 
drical and smooib. Particular attention and care 
shall be paid to the proper fitting and scraping of 
all journal boxes, to make the same of an eirtraor- 
dinarily good bearing surface, and accurate fit 10 
their housings or carrying members. 

119. Straps, gibs, keys, reamed bolts and 
boics of bU connecting rods must be fitted with the 
utmost care and accuracv, and finished in a thorough 
and workmanlike manner. 

120. The final fitting marks sh.ill. for all 
parts, be preserved for examination and must in alt 
cases be satisfactory to the Water Commissioner. 

131, Alt journal boxes, pins, keys and other 
details of the machinerv shall be taken apart at any 
time during the process of fitting or erecting, when 
the Water Commissioner so directs, to allow a thor- 
ough esa mi nation of fit and workmanship. 



SPECIFICATI0S3 FOR PUMPING ENGINES. 



T2I. If gear whec-Is are used in the valve ^ 
motion of the engines, they shall he properlv dc- 
ligneii nnd accurately cut in gear cutting machines, 

123. The treads of cams and other parts of the ' 
valve motion subject to intermittent or sadden motion 
Slid heavy wear shall be of tempered steel or case 
hiirdened iron, 

124. The fcmpering or hardening processes 1 
must be so conducted that parts will retain their 
proper size and shapes and have the requisite tard- 

135. All parts of the engines must be well ' 
Mcnred and correctly centered with accurately fitted 
dowel pins, re&med bolts or male and female joints. 

iz6. All flanges must be cast solid, and all 
holt holes shall he drilled with perfectly sharpened 
iDtl centered twist-diilla to insure accurate round 
holes. 

127. Ail dowel pins must be of proper tapei 
>nd well fitted; and where necessary, shall have 
proper facilities for removal. 

LiS. All holes intended to receive tapering '"""f"' 
parts shall he carefully reamed and giound and the 
tapering parts driven or forced into place. 

129. Nuts and bolts and alh threads shall be of 'T''™' 
llieU, S. standard, except where special threads are 
aeceBsary. 

130. The threads and shanks of nil bolts above 
H inch in diameter shall he cut and turned in the 
iMhe, and the ends of all bolts shall be finished to a. 
nest conical or hemispherical point. 

131. The resting surface for nuts and heads of 
'II bolls shall be faced to present a smooth, plane 
surface, square to the axis of the bolt, 

132. Case hardened, finished and polished nuts Pmisb 
ihaW be used in all exposed work above the upper 

Hoot level, and also for all parts requiring frequent 
'emoval :md adjusting. All other nuts and bolt- 
lieaJs above the upper floor level, and nuts for all 
Hulling boxes, and at such other pluses as may be 
necessary, shall be finished. 

133. Finished Phosphor bronze nuts and 
rollei] Tobin bronze htuds und bolts to be used for 
■11 (tttenings inside the pump chambers, and for all 
glindi of stuffing boxes of the pump end. 

134. Cold pressed nuts shall be used for all *-'^'J^ 
Katioosry parts of the pump chambers, and in all 
««a where not otherv\ise specified. 



Dowel Pin*. 
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135. All nulsandbolthcadssiiallbehesagona! 
in shitpe and must be fnced oa top and bottom. 
The sides shall fit their wrenches accurately. 

136. All kty-ways and keys must be accurntelv 
fitted and pioperly driven or forced into place, and 
must be of appropiialc size and taper, 

13J. All riveted work shall be epeciallv 
designed for its particular uses, and executed in a 
thorough and workmanlike manner. 

13S. All riveted joints subject to pressure sbiill 
be thoroughly and neatly calked with a round-nosed 
tool. 

139. All connecting rods, links and valve rods 
shall be draw-file finished. 

140. Ail bright and speci.illy finished worb 
must be of the highest grade .and entirely tree front 
scratches, specks and fiaws. 

141. All visible composition work shall haves 
bright finish. 

142. AH exposed machine worked surfaces d ' 
all parts above the upper floor level and of all mo*— ^ij 
ing parts, except fly-wheels, shall have a brigli 
finish. 

143. The ^team cylinders, steam chest^^as 
reheaters, steam and distribution pipe and ■>th^^° 
heated surfaces of the machinery, when iieceBsar>.^tf 
shall be protected by neat mahogany or walnut la^^S 
ging, securely fastened and held in place by hra^^ 
bands and button-headed brass screws, or by brigl=: 
finished false covers. 

144. All steam pipes and heated surfaces sha ~~^ 
be protected with approved non-conductora to Itr^ 
depth of flanges. 

145. Tlie material to be used in coverirr^*; 
steam pipes, cylinders, reheaters and all protecl^^' 
parts, and the method of its application, shall fc=3i 
subject lo approval by the Water Commissioner. 

146. No non-conductors, lagging or fal -^' 
covers shall be applied until the construction h ^^b'. 
been thoroughly tested by working steam pressw- " 
and all leakages and defects developed have bc.^*!' 
thoroughly remedied. 

ERSCTION. 

147. The Contractor shall erect in the sh. ^>p 
such parts of the steam and waterends of the cngir'^ ^^ 
as may be necessary, in order that the final crcctio" 
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tan be carried on with despatch in a tlioroiigh ant] 
worlimflnlike manner. 

148. The Contractor, shall, at his own expense 1 
ind litk, transport all parts of the machinery lo the 
pumping station, but will be allowed the use of the 
power traveling crane in the engine house for erect- 
ing. 

149. All foundations and piers required for 1 
ihetupport and anchorage of the engines, in addi* 
lion to that shown in the city's drawings, will be 
built by the city of St. Louis, to drawings furnished 
by the contractor. All foundation piers will be 
huiltof tirsl-chiss coursed cut stone m.isoury and 
proiiiled with granite capstones of appropriate sizes, 
and charged to the contractor at $;o per cubic yard. 

150. The contractor shall deliver at the pump- 1 
ingsiHtion all bolts, washers, wall boxes, girders, 
tic. intended to be inserted in the masonry, in ample 
lime lo prevent delay during the building of the 
foundation walls and piers. 

151. The contractor shall be responsible for 
the proper and exact location of all parts, when 
placed in accordance with his drawings and templets. 

I5i. Tbe contractor shall do all work neces- i 
saiy to erect, fit and secure the engines in the pump 
pit upon tbe foundation piers as completed and built 
by the cily of St. Louis. 

153. Every sole plate, girder, bed plate and | 
ctning resting on or secured to masonry, shall be 
ptovided with a rust joint of sufficient thickness, 
cnefully driven and packed and consisting of ingre- 
ditnts satisfactory to the Water Commissioner, 

154. Great care shall be taken in the erection 1 
of the engines to place and secure the various sole 
>nd bed plates upon solid, plane and smooth bear- 
ings. Ail joints between stationary details must he 
made «ith the utmost accuracy and precision, insur- 
ing perfect and permanent alignment. None of the 
parli shall be unduly strained in lining up. 

155. The contractor shall so conduct his opcr- c 
aiioQS as not to interfere with the work of other 
rooiractors, and the disposal of his tools and mate- 
rials during storage and erection will be subject to 
Ibe approval of the Water Commissioner. 

156. The party of the second part will furnish 1 
and set the giite valves of the suction pipes, but ihe 
'^oniraelor shall pump out all accumulated water in 
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the pump pit before commencing erection, and do 
all necessary pumping during erection of engines. 

157. All finished parts must be well protected 
in shops and during transportiition to prevent injury 
and abrasion. 

15S. AI! injured parts must be replaced, when 
in the judgment of the Water Commissioner, refit- 
ting will not suffice. 

jp. 159. The contractor shall remove all staging 

used in erecting the engines, and leave the pump 
pit, engine room and premises neat and clean, 

' 160. The contractor shall, at his own cost, 

make good all damages to masonry; buildings, or 
other property of the city of St. Louis, occasioned 
by the contractor or his employes in the transporta- 
tion and erection of the machinery. 

161. The city of St. Louia will furnish space 
'■ within its premises for the reception of the various 

parts of the machinery, but shall not be responEible 
for the safe keeping of these parts, nor for damage 
caused lo them from exposure or other cause. 

PAINTING. * 

162. All castings and details must be inspected 
and approved before painting, and iu no case shall 
the paint or pitch be applied until all surfaces are 
trimmed and thoroughly cleaned. 

163. All unfinished iron work not visible from 
the engine room floor (except where otherwise 
required) and thai above the Hoor inlended to be 
encased, shall be thoroughly painted inside and out 
with three coats of No. i paraffine varnish, applied 
hot. The first coat shall be put on at the shop, and 
the others after erection, excepting for inside surfaces 
of pumps, pipes, etc., which shall receive two coats 
at the shop and one after erection. 

16^. All unfinished iron work visible from the 
engine room floor, shall be thoroughly cleaned, 
rubbed down and painted with four co.its of a good 
quality of paint and strictly pure linseed oil. The 
first coat shall be put on at the shop and the others 
after erection. 

165. The paint shall be of a grade and color 
approved by the Water Commissioner, and shall be 
applied, striped and varnished to his satisfaction. 

166. AH parts to be covered by non-conduc- 
tors must be thoroughly cleaned and freed from 
rust, and painted with three coals of paint of a kind, 
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color and quality to be determined by the Water 
Commissioner before application of the non-con- 
ductors. 

167. All finished and polished surfaces must Fmi 
be kept entirely free from rust until erected and '" 
finally accepted. 



16S, After erection has been completed, and Pr&iHrc. 
before the final painting, a blank flange shall be 
bolted on the out-door end of the discharge pipe, 
and ibe whole constmction tested with hydraulic 
pressure. A force pump shall be connected to tlie 
discharge pipe, and a pressure of zoo pounds per 
square inch applied in such manner as to test the 
pumps, pump valves, air vessels, discharge pipes, 
pump rods and the frames of the engines. After 
this test the engine is to be run to full capacity, dis- 
charging ihrough the pressure relief valves for the 
purpose of testing same ; a further test to be made 
by ^-uddenly opening gate on pump main to test 
»peed controlling device mentioned in section 67. 

These tests must be conducted by the contrac- 
tor with great care and in a- manner satisfactory to 
the Water Commissioner. 

The contractor shall furnish all labor necessary, 
and all piping, cocks, valves, gauges, force pumps, 
flanges and appliances required in the tests. 

rfig. For the purpose of determining the duty Du,,Te»t. 
of the engines furnished under this contract, there 
shall be an expert duty test of twenty-four hours 
continuous run for each engine. These tests shall 
fee conducted by Ihrefi experts, one to be selected by 
the Water Commissioner, one by the contractor, and 
the two thus named to select the third. 

The duty tests shall be conducted for one engine 
stt a time, unless otherwise ordered by the Water 
CJommissioner. 

170, The water of condensation from all 
steam jackets and rcheaters shall be gathered and 
its weight carefully determined, and it shall be 
charged against the engines during all of the duty 
tests. 

171. The total weight of water fed to the 
laoilers during the tests, shall be considered the 

It oi steam used when corrected for entrain- 
icepding two per cent. 
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■ 72. Steam used for miming the bo3«r itfi 
pomps daring the duty tests will not be ditr^il 
iigsiast tbe engines. 
■- 175. Tbe tncnty-four houra dti^ test alttll be 

nude with the water in tbe wet well st an ■pproxi* 
mule elevation of tio, uid shall be coodocted bf 
the experts selected in accordaace witb Bcctioo l^ 
ot this contract. 

174. If, in tbe (pinion of the Wstrr Commb- 
siotfer, the speed of tbe engines ai any time daring 
the twenty-fonr boiirs test is such as to jeopwilue 
their safety,' be shall have the rigtit to ofder tben 
run at such reduced ^fcd as will girc a smooth lod 
iiuict action. 

175. The head (h) to be inserted mto tbe 
formula for computing tbe duty of tbe engines dnf 
itig the ronning test, fihall be asceitained by noacb- 
ing a gauge to tbe discbarge pipe close to where n 
turas into and runs through the foundation vciUf oJ 
tbe pit, and by the ele^atioa of the water in the mt 
well. 

176. Any part or detail of tbe engines shoiK- 
iog undue strain or weakness of any description, 
must be replaced, and all defects developed b the*e 
tests shall be corrected by tbe contractor to ibe 
entire satisfaction of tbe water commissioner. 

ADDtnONAI. APTLIANCES. 

177. The contractor shall fomish for ill siW 
o£ bolts a complete set of wrenches for each cngi«M* 
accurately fitted to the respective sizes of nnls. 1*<>e 
urencbes for all finished nuts about the engine* st**' 
have a bright finish and shall be marked with tl3"' 

178. Each engine shall be provided with ^'^ 
steam gauge, graduated from o to 350 pounds< ''"f 
vacuum gauge, one suitable steam gauge on e^^ 
receiver (if such be employed in tbe constmdi^*^)' 
and one engine re^'olution counter; all of tbetC ^ 
have brass cases, triple silver plated, and pl*'^'' 
convenient for observation. Tbe dials of gauges ^ 
be ten (10) inches in diameter. 

179. Each of the nir vessels of the pumps »t«'J 
be pto\nded with one glass water gauge of satis^*^ 
ton- design. Tbe hot well for each engine shall bt 
provided with a suitab'c. permanently 
ibermometer of appropriate design. 
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i8o. The contractor shall furnish one steam ii 
inciicntor for each steam cylinder and three indicators 
for the main pumps, and one iudicnlor for the ait 
pumps. The indicators shall be the Thompson, 
Crosby or Tabor. 

iSi. Each steam cylinder, main and air pumps 
olthe two engines shall be provided with permanent 
piping, fixtures and motion appliances for attaching 
nnd working the indicators. All valves, cocks, 
pipes and appliances for t!ie attachment of the indi- 
cators to the steam cylinders and pumps shall be 
made of composition, of ample size and complete in 
every respect. 

183. All journals must be provided with sight- o 
itti oil cups. There shall also be brass drip pans 

or pockets at all journals and oiling places to catch 
lutu-icants. 

1S3. The steam cylinders shall be fitted with 
ligbl-feed lubricators. t 

184. There shall be valves, pipes and drip 
pKU at all places where necessary, for receiving and 
MDTeying water from stuffing boJtes, etc. 

185. The contractor shall furnish an extra set 
o( iUcCion valves and an extra set of discharge valves 
witti ill parts complete. 



186. Near the end of the year of probation, 
6t Water Commissioner will make an examination of 
tiw engines, and any part or detail found to be de- 
fective or injured through excessive wear, overstrain, 
bid material or faulty design, shall be replaced by 
the contractor, at his own cost and expense, to the 
Mtisfiiction of the water commissioner. 

The said part of the first part further agree 
Hi»t all the work contemplated and described in this 
WDtract and the foregoing specifications, shall be 
■ione in accordance with the general drawingc 
•pproved by, and on file in the oflice of, the board 
|>fpablic improvements, and with the detail work- 
ing drawings submitted to and approved by the 
Water CommUntoncr. It is further agreed that the 
drawings and specifications form a part of this con- 
dict, n&d that, if any discrepancies appear between 
MJ of the drawings and the specifications, or between 
•ny of the several drawings in themselves, such dis- 
oepaocies shall be adjusted by the contractor to the 
■itulictioD of the Water Commissioner. And it is 
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further expressly agreed that the approval of ll"^ 
general and working drawings shall not in any cn^ 
relieve the contractor from any of his responsibiliti^ 
under this contract. 

The said part of the first part hereby expresfl!3 
agree that the inspection of materials and worl* 
manship shall not relieve of an 



of- 



■obligatic 



and reliable work, as hi 

said part of the first purl further agree to rep; 

or replace any defective part or piece of the pump— • 

log engines during one year from the end of the l^^4 

hours running test, at his own cost and expense. 

And it is further agreed that during the afore- 
said year, the Water Commissioner may make at I 
necessary repairs requiring prompt attention, anc 2 
that the cost of such repairs shall be borne by thcs 
contractor. 

■^ And it is further agreed that any work noK 
herein specified which may be fairly implied a^ 
included in this contract, of which the Water Com- 
missioner shall judge, shall be done by the con- 
tractor without extra charge. The contractor sbati 
also do such extra work in connection with this con- 
tract as the Water Commissioner may in writing 
specially direct, and the price for such extra woi^ 
shall be fixed by the water commissioner, but no 
claim for extra work shall be allowed, unless tiic 
same was done in pursuance of a writtea order, 
aforesaid. 

The said part of the first part 
agree that the work embraced in this contract 
be begun within one week after written notice 
do shall have been given to the contractor by the 
Water Commissioner, and continued (unless tbesaii3. 
commissioner shall otherwise in writing specially 
direct), with such force and in such manner as t<7 
secure its completion within twenty-six months 
thereafter, the time of beginning, rate of progress* 
and time of completion being essential conditions of 
this contract. And the part of the first part fur- 
ther agree that if the pumping engines to her 
furnished under this contract are not completed a C 
the time above specified, then there shall be retained 
by said second party, as ascertained and liquidatecl 
damages, the sum of fifty ($50.00) dollars per d*y 
for every day thereafter until said engines arc ready 
for service. 
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The parly of the second part agrees to have the 
pump pits ready for the commen cement of the 
erection of the engines within twenty months, and 
to have the steam ready for testing and r\mning the 
engines twenty-three months after the diite of the 
above notice to begin work. 

And the part of ihe first part further agree 
that shall not be entitled to any claim for any hind- 
rince or delay from any cause whatever in the 
progress of the work, or any portion thereof; but 
any hindrance or delay occasioned by the parly of 
the Kcond part shall entitle said part of the Rrst 
part to an extension of the time for completing this 
contract, sufficient to compensate for the detention, 
the same to be determined by the Water Commis- 

The said part of the first part further agree 
!bat will not sublet the work to be done under [his 
contract, but will keep the same under control, and 
that will not assign the same by power of attorney 
or otherwise, and that will at all times have a rep- 
resentative present where any work is in progress 
under this contract. Whenever it may be desired to 
give directions, orders will he given by the Water 
ConimiGsiotier and obeyed by the conlraclor's repre- 
wntative who may have charge of the particular 
woik in reference to which orders are given. If any 
person employed by the contractor on the work 
ihould appear to the Water Commissioner to he 
incompetent or disorderly, he shall, upon the requisi- 
tion of the Water Commissioner, be at once dis- 
cbirged and not again employed. 

It 13 further agreed that if the part of the first 
part shall assign this contract, or abandon the work 
10 be done under this agreement, or shall neglect or 
refuse to comply with the specifications or slipula- 
liou herein contained, the board of public impiove- 
■ntnts shall have the right, with the consent of the 
DUyor, to annul and cancel this contract, and to 
telet ^e work or any part thereof; and such annul- 
ment shall not entitle the contractor to recover 
dimages on account thereof; nor shall it affect the 
right of the City of St. Louis to recover damages 
which may arise from such failure. 

And the said first part hereby agree to pro- 
tect and defend and save harmless the said city of 
St. Louis against any demand for patent fees on any 
patented invention, article or arrangement that may 
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be used by said first part in the pumping engiiiCB 
furnished under this contract. 

The said part of the first part further agree 
to idemnify and gave [larmtesa the City of St. Louis 
from all suits or actions brought against the said city 
on account of injuries or damages received or sus- 
tained by any party or parties during the construc- 
tion of the pumping engines, or by or in consequence 
of any negligence in guarding the same, or any 
improper materinls used in the construction, or by 
or on account of any act or omission of the said 
piirt of the first part or agents. 

The part of the first part further agree that 
each engine funiislied under this contract shall ha\e 
a pumping capacity of ten million U. S. gallons in 
twenty-four hours. The capacity to be at a speed 
that will insure smoolh and quiet action, and to be 
determined by the experts during the duly li:st. 

The part of the first part hereby agree that 
the pumping engines furnished under this contract 
shall perform, during a running test of twenty-four 
hours, a duty of one hundred and twenty-five million 
foot-pounds per thousand pounds of commercially 
dry steam. 

The part of the first part further agree that 
in case either engine fails to perfom a duty of one 
hundred and twcnty-fi\-e million foot-pounds per 
thousand pounds of steam, during the working (est 

of twenty-four hours, will pay to the parly of 

the second part, as an agreed measure of damages 
for lack of efficieticy of the engine, in the ratio of 
$j, 500.00 for each one million foot-pounds which 
the duty falls below one hundred and twenty five 
million. 

In case either engine exceeds, during tlie 
twenty-four hours working lest, an average duty of 
one hundred and twenty-five million foot-pounds per 
thousand pounds of steam, the party of the second 
part agrees to pay to the part of the first part, as 
a reward for the superior efficiency of the engine, 
an amount to be in the ratio of $1,000.00 for each 
one million foot-pounds which the duty comes above 
one hundred and tw'enty-five million. 

On condition of the true and faithful perform- 
ance of all the conditions of this agreement and 
specifications, the said party of ihe second part 
agrees to pay to said part of the first part the sum 
of dollars, subject to such additions or 
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* Aductions fls arc autlioiixed by ihe provisions an<l 
conditions of this contract, in full payment for all 
the work snfl materiala, designs and drawings 
required by this contract, embracing the satisfactory 
construction and erection of such pumping engines 
nnd appurtenances as arc herein delinfil and 
described in all their parts and requirements. 

Payments on account will be made as follows, 
viz. ! 

a. On or about the first of each month, ihe 
WaierCommissionersball cause an approximateesti- 
mitte to be made of the value of the materials and 
word done, based on the total amount to be paid for 
ihe engines; from tlic amount so found he shall 
deduct so per cent, and all sums previously paid or 
retained under this contract, and certify the remain- 
der BS then due. Provided, however, that nothing 
herein contained shall be construed to affect the 
right of the City of St. Louis, hereby reserved, to 
reject the whole or any portion ot the i^'ork afore- 
said, should the said certificates be found or known 
to be inconsistent wilb tlie terms of this agreement, 
or otherwise improperly given. 

h. When the twenty-four hours running test 
shall have been satisfactorily completed, the Water 
Commissioner shall make an estimate for the amount 
of tl*e contract price, less lo per cent., and all sums 
retained under this contract. 

It is further agreed that the water commissioner 
shall hftve charge of and operate the engines furnished 
under this contract, during the twenty-four hours 
dnty lest, and the year following, and that the 
part of the first part shall not be relieved or 

releaircd thereby from any of obligations under 

this contract. 

At the end of said year, the pumping engines 
and appurtenances, if found to be in good working 
condition, shall be finally accepted, and the Water 
~ " " r shall make and certify a final estimate 

Igor of the lirst part and the responsibility of 
rbtpart shall then cease. 
9ie said part of the first part further agree 
- shall not be entitled to demand or receive 
S^t for any portion of the aforesaid work or 
maleriaU, except in the manner set forth in this 
agreement ; nor until each and all of the stipulations 
hereinbefore mentioned are complied with, and the 
Wilier Commissioner shall have given his certificate 
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to that effect. Tlie party of the second p.^rt hereby 
ngrees and binds itself to pay the snid part of ilit 
lirst part in cash, ihe whole amount of money acciii- 
ing to the said part of the first part under tliie 
contract, excepting such sum or sums as may lie 
lawfully retained under any of the provisions of thi( 
contract hereinbefore set forth, upon the giving by 
the said part oE the first part to the party of the 
second part a release from all claims and demaniii 
whatsoever growing out of this agreement. 

This agreeir.eni is entered into subject to the 
city charter and ordinances in general, and tn parlic* 
ular to the following provisions of Article VI., sec- 
tion 3S, of said charter, to wit: 

"a." The aggregate payments under this con- 
tract shall be limited by the appropriations ni.iilc 
therefor. 

"i." On ten day's notice the work, under tiiis 
agreement, may, without cost or claim against the 
city, be suspended by the board of public improve- 
ments, with the approval of the mayor, for want of 
means or other substantial cause. Provided, that oa 
the complaint of any citizen and tax payer, that an} 
public work is being done contrary to contract, or 
the work or material used is imperfect or different 
from what was stipulated to be furnished or done, 
the said board shall examine into the complaini anJ 
may appoint two or more competent commissioners 
to examine and report on said work, and after such 
examination, or after considering the report of tnid 
commissioners, they shall make such order in tlic 
premises as shall be just and reasonable, and what 
the public interests seem to demnnd, and such decis- 
ion shall be binding on all parties. The cost Otsuch 
examination shall be borne by the contractor, if such 
complaint is decided to be well founded, and liy the 
complainant if found to be groundless. 

Ordinance 16,514, approved December azd, 
iSf)), is hereby made part of this contract, and must 
be observed in all its provisions, namely: 

Section 1, All contracts hereafter entered 
into wherein the City of St. Louis is a party, for ifae 
doing of any kind of work or labor for the City vt 
St. Louis, including work on nil public IniUditlgS, 
works and enterprises, shall contain the following 
terms and conditions: («) That the men, persons 
or laborers who may be employed i 
prosecuting, or accomplishment of sue 
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by the contractor with the City of St. Louis, or any 
one under him, or nny person controlling the aaid 
men, persons or laborers, shall not be required to 
work more than eight hours a day ; (i) That in case 
of the violation of such provisions of such contracts, 
the mayor shall immediately declare such contracts 
canceled and forfeited, and the work being done 
under such contracts shall be relet in the manner 
provided for the letting of such work, and such con- 
tractor shall thereafter be ineligible to bid upon such 
work under such reletting, and the difference in the 
cost of doing such work under such contract so can- 
celed and forfeited, and under such reletting, shall 
be sued for on the bond of such contractor so violat- 
ing such contract. 

I^or the faithful performance of all and singu- 
lar the terms and stipulations of this contract, in 

every particular, the said part of the fiist 

part, as principal, and as securities, hereby 

bind thbmselves and their respective heirs, executors 
and administrators, unto the said City of St. Louis, 
in the penal sum of dollars, lawful money of the 
United States, conditioned that in the event the said 

shall faithfully and properly perform the 

foregoing contract according to all the terms thereof , 
and shall as soon as the work contemplated by said 
contract is completed, pay to the proper parties all 
■mounts due for material and labor used and em- 
ployed in the performance thereof, then this obliga- 
tion to be void, otherwise of full force and effect, and 
lie same may be sued on at the instance of any 
mMeriol man, laboring man or mechanic, in the name 
otllie City of St. Louis, to the use of such material 
mm, laboring man or mechanic, for any breach of 
ll» condition hereof; provided, that no such suit 
liall be instituted after the expiration of ninety days 
from the completion of said contract. 

In witness whereof, the said part of 

the first part, as principal, and securities, 

parties of the first part, have hereunto set their hands 
Mil seals respectively, and the City of St. Louis, 
pttty of the second part, acting by and through the 
Murd of public improvements aforesaid, have sub- 
wibed these presents the day and year first above 
written. 

WITNESS: 

■[seal] 

' :al] 

■.^\\ 
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The City of St. Louis by 

President Board of Public Imprt 
Countersigned : 



Comptroller. 
CiTv Counselor's Office. 



The foregoing Agreement and Bond s 
form according to law. 



City Com 
Mayor's Ofpick, 



I hereby approve of the Securities to the fore- 
going Contract and Bond. 



M. L. II. 
169. Complete General Speciflcations for Water 
Tubular Boilers and Settings. Tlie following complete 

general specifications for horizontal water tubular boilers were 
used in connection with the engine specificntions given in the 
previous article, and the contract was let under similar contract- 
ing, general, and surety clauses. These portions are omitted 
from these specifications for the sake of brevity. They were 
prepared by the same gentleman who prepared the specifica- 
tions in the last article, and are thought to represent an equally 
good practice. 

1. The work to be done consists in furnishing 
designs and plans, material, tools and labor, and 
building, transporting and erecting complete in 
place, ready for firing, in the boiler-house at Bissell's 
Point, eight horizontal water tube boilers, the 
boilers to be provided with all necessary valves, 
gauges, breecliings and connection to underground 
smoke flue. 

DESIGN. 

2. The boilers to be of the type designated as 
horizontal water tube boilers, designed and built 
with special reference to easy access for cleaning 
and repairing of both internal and external surfaces. 
The boilers to be designed for natural draft of pres- 
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Kit smoke stack. No stays or obslructions of any 
kind shall be placed inside of the watci* tubes. 

3. The boilers to be designed for a working 
iteam pressure of 140 pounds per sqiiari; inch, with 
a factor of safety of six on minimum sections. 

4. Each boiler shall have a total tube heating 
surface of not less than 3,000 square feet, and a 
grate afea equivalent to 75 square feet of straight 
grale. 

5. The boilers to be provided with smoke pre- 
ventiog furnaces, which shall effectually stop smoke 
while burning southern Illinois coal at a rate of from 
tvitnty (zo) to twenty-five (35) pounds per square 
loot of grate per hour. The furnace shall be some 
well tested and approved device for prevention of 
smoke, which does not use a steam jet or a system 
oi brick arches in the fire box. 

6. The boilers to be set in four independent 
battciies, as shown on drawing, each boiler to be 
provided v/ith walls, settings, valves, gauges, smoke 
breeching and dampers necessary for operating or 
repairing independently of other boilers. 

7. The fire fronts shall be designed to facili- 
We tiring and removing ashes. The fire doors to he 
of suitable design to secure the regulation of air 
•ilmitted to the fire, and prevent radiation through 
ihe fire door openings during regular service. The 
boiler dampers to be arranged to regulate from front 
oi holler. 

8. Each boiler to have an eight-inch stop valve, t 
'Emitting of independent connection to main steam 
pipe. 

To each boiler there shall also be attached, 
Wdes the eight-inch stop valve, two three and a 
hilf inch improved pop safety valves, placed in such 
positions that their escape pipes will not interfere 
witb the roof trusses or sky-lights of the boiler 
liDuie. 

9. All steam drums to be made of steel plates 
irfihe quality hereinafter specified. 

10. The boilers to be set and supported in a 
ninaeT admitting of expansion and contraction of 
tile same, without injury to the brick work or boilers 
in lay way. 

All beams required to support or carry the 
boilers to be of ample strength, and must be either 
wrought iron or steel. 
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There slinll be central air spaces in all w«lh 

enclosing the boilers. 

FITTINGS ASD APPURTENANCES. 

11. The contractor shall furnish and put in 
place all necessary valves, steam gauges, water glas 
gauges, safety valve escape pipes, and all appurte- 
nances, and make connection to steam main, (eeJ 
and bloiv-off pipes and iindcrground smoke flue. 

12. For ail nuts on the boilers and fittings, 
there must be furnished well-fitted wrenches. 

M 13. The steam gauges shall be attached to the 

boiler fronts with nickel-plated brass siphon pipe 
and cocks, in a neat manner, admitting of easy 
removal. 

The feed-water valve of each boiler to be pro- 
vided with a suitable arrangement for its regulaiion 
from the fiont of the boilers. 

Steam gauges to be brass case, nickel- pi ate J. 
fourteen inches in diameter, maximum pressure 350 
pounds, live-pound divisions. 

14. Each boiler to be provided with three 
Bailey's safety copper cap fusible plugs, or other 
safety plugs of equally good manufacture and satis- 
factory fusibility. 

15. There shall be suitable copper spouts and 
polished brass piping wherever visible, to catch ihe 
steam and w.itcr from the gauge cocks and gUst 
water gauges, and they shall be piped and connected 
to the ash box in an acceptable manner. 

16. Steam valves above six inches in diameier 
shall have steel stems, provided with phosphor 
brouKC nuts, and the glands of all stuffing boxes shall 
be of composition. 

17. All valves, fittings, fixtures and appurte- 
nances used shall be of Ihe best design. 

iS. The steam drum-; and all p.irts of the 
boilers and pipes not covered by brick work, and 
the breechinga to be covered with magnesia covet- 
ing, not less than one and a half inches in thickness, 
thoroughly secured in place. 

19. Hand hole plates must be secured in an 
approved manner, to insure the greatest possible 
safety against accidents from breaking of fasteoi 



MATERIALS. 



30. All material used throughout this 
Gtruction must be of the special class and grade called 
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for in the speciflcnlions, ancl shall in each case (ully 
stand the specified tests. 

31. All plates in the boi'ers to be made of S""' 
steel. 

The steel plates used in these boilers must be 
stamped with Ihc maker's name and the tensile 
stren^h ; to be homogeneous and nf uniform qual- 
ity, to have a tensiic strength of not less than 55,000 
poiinda, nor more than 62,000 pounds per squart; 
inch, an clastic limit of at least 30,000 pounds per 
square inch, and an elongation of at least twenly- 
four (34) per cent, in eight inches. 

Specimens must stand the following beiiding 
te«t, vir. : 

To bend double, closing up completely without 
■howing sign of fracture when berl cold, or after 
having been heated to a cherry red and plunged into 
water at 70 degrees Fahrenheit. 

The water commissioner shall have ihe right to 
order test specimens 2x14 inches, to be cut out of 
any of the plates to be used in the boilers. 

22. All wrought iron for bolts, mils or other ™'" 
purposes shall be double refined, and have an ulti- 
mnte tensile strength of at least 53,000 pounds per 
square inch, an clastic limit of 26,000 pounds per 
square inch, and an elongation of eighteen ( tS) per 
cent, in eight inches. 

23. Rivets to be Burden's best, and must be 
capable of bending cold until the sides ,ire in close 
contact, without sign of fracture ; and iron used for 
screw stays, stay bolls and braces to be of best 
quality of American manufacture. 

24. Tubes lo be lap-welded of the best quality Tub. 
of American manufacture, of a diameter of 3J^ 
inches or 4 inches, and must stand a satisfactory 
batnmer test. 

35. AH castings shall be free from blow holes, *^"' 
flaws, scabs, and defects of any description, and 
tlhall be smooth, close-grained, sound, tough, and of 
Eorms and dimensions. 

^reat care must be taken to make all castings, 
uriy ad practicable, of uniform thickness 
* >ut, when not otherwise required. 

All cast iron used under steam pressure ''°'' 
pe of good quality, tough and of even grain, 
tall possess a tensile streugth of not less than 
b pounds per square inch. 
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when broken ' 



f the metal, two inches b 

ransversely, twenty-four inches b*- 

laded in the center, shall hftve 

;aiting load of not less than 2,200 poimds, aod 
!ihall have a total deflection of not Ices than ,'g^|, of 
an inch before breaking. 

The test b;irs shall be cnsl as nearly ns possible 
to the above dimensions, without finishing, butcot- 
rections will be made by the water commissioner for 
variations in thickness and width, and the corrected 
results must conform to the above requirements. 

37. If any two lest bars, cast the same day, 
show n tensile strength less than is required in these 
specifications, or do not show the required cross 
breaking load or derteetion. idl castings made from 
the melting from which the samples were taken may 
be rejected. 

2S. Test specimens and samples of castings 
and forgings, or any other kind of material used in 
this construction, shall be prepared ready for testing 
and supplied in the number, shape, finish and sixes 
required by the water commissioner, and shall be 
prepared as may be directed at any time during tbe 
pouring or working of materials. 

29. The stamps put upon the steel sheets by 
tbe manufacturer must at all times be preserved for 
identification, and so plnced as to be visible on the 
outside of boilers ; if any st Mnp is cut out in prorcas 
of manufacture, the water commissioner shall first 
replace it by a duplicate stamp. 

WORKMANSHIP. 

30. The best workmanship on, these boilen 
will be exac[ed, and it must be equal in all respects 
to that executed in the best boiler works in this 
country. 

31. All holes tor bolts, studs and rivets in 
castings must be drilled. No cored bolt boles will 
be allowed. 

No plugging or other stopping of boles or 
defects of castings will be allowed. 

32. Any rivet which is deformed, cracked, 
burnt, improperly driven, leaky, or in any way 
injured, must be cut out and properly replaced. 

33. All surfaces of sheets, and other parts to 
he riveted, must be brought together to close^ 
tact and accurately litted, with bearing 
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an<l cicni), and while berng riveted to be 
licit! firmly in position and slignmeut without exert- 
ing injurious strains upon any portion or detail o[ 
lh< boiler. 

34. The use of drift pens, to bring rivet holes 
lo match, or come true and central, will not be 
iillowed in the process of riveting, and must be dis- 
pensed with entirely. The utmost accuracy in 
punching !he rivet boles will be exacted. KJvct 
holes failing to tit, or come fair and true, must be 
reamed out accurately, and rivets of suitable size 
used. 

35. All sheets of the boilers must be satisfiic- Sbesu. 
gorily straightened before being planed, bent, flanged, 
drilled, fitted, etc. 

36. All scarfing to be done in a neat and 
workmanlike manner. Sufficient allowance of 
material mu!>t be made at all plnces where scarfs are 

37. The edges of nil sheets to be planed to a 
ouilablc bevel. 

3^. All seams to be caulked on both sides ouiking. 
vrbere accessible. 

All caulking to be done in the best manner, 
whb roand-nosed caulking tools; great care to be 
tahcn not to mar tiie sheet or rivets. 

39. The threads of all studs, bolts, screw ThrHdi. 
atays, stay bolts and nuts, to be chased with gte.it 
care and skill, to injure uniformity in pilch and 

iriicy in fit. 

All holes which are to receive bolts, screw 
Ik, studs or stay bolts, to be accnrntcly centered, 
lied and tapped, to give a desirable fit and tighl- 
xiesa of the threads. 

The Slay bolts, screw stays and studs to be 
^Entered, screwed in and riveted in a careful nnd 
'^vorkmaniikc manner, to insure true and parallel 
^surfaces and an equitable distribution of the stress 
*.jpon all of the sustaining members. 

40. All expanding of tubes and nipples shall ^ 
~%^c done in a careful and workmanlike manner, and 

^1) nil be absolutely water-tight under the testpres- 
^ute. 

41. The fire, ash and cleaning doors to be Dwri. 
*\ttfd air-tight to their seating or bearing surfaces. 

AH holen in the lugs for hinges of the doors 

nction to be drilled and reamed, lo 

ed pins for sitmt,. 
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43. The brick work must be execiiteif 
thorough and workmanlike manner, ihe brick Died 
to be slrictly first-class in every respect. Oubideof 
setting to be laid with stock brick in white ntoniT! 
inside, where exposed to heat, to be lined with b«l 
quality fire brick. 

43. All red bricks to be laid in momrof 
Approved quality, and all fire brick to be Uid m 
ground fire clay. 

FOUNDATIONS. 

44. The city will furnish complete fonndBtiom 
for the boilers, the position in the house to be a* 
shown on plnns on file in ihe oflicc of the w.nttr 
commissioner, and the apace occupied by each I'ril- 
tery of boilers to be not greater than that shown. 



I. 45. The boilers shall be tested by the con* 

tractor with a water pressure of 310 pounds MF 
square inch, under which they must be wnter*t^I- 

46. When the boilers shall have been tested to 
the sntisfaction of the water commis!<ioner. they 
shall be thoroughly scraped, cleaned, dried snii 
painted outside with one coat of linseed oil. 

47. The fire front, fire and ash doors, an^ 
other caBt and sheet iron parts, except grate ban- 
after approval shall be paintei^ in the shop witbotK 
coat of paraffine varnish, and after erection the} 
shall receive another coat of the same. 

4S. The contractor shall, at his own eipcnf 
and risk, transport the boilers and appurteniuicei <« 
Bissell's Point, furnish all necessary labor, toolt wd 
appliances, and erect the same complete, as «bo« 
specified. 

Every possible and necessary care must he t»ken 
in handling and transporting the boilers, to preienl 
injury of any description to the s.tme. 

49. The contractor shall so conduct his «<"'' 
as not to interfere with the operation of any boik" 
under fire, and the disposal of his tools and maM''' 
als, during storage and erection, will be subject to 
the approval of the water commissioner. 

50. The contractor shall, at his own cost, mil* 
good all damages to masonry, buildings or otii^ 
property of the city of St. Louis, occa^oned 
contractor or his employees in the Irauspgrl 



:etion of the n 



ichinery. 
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51. The city of St. Louis will furnish space SiorAge. 
within iM premises for the reception of the boilers 
and details, but shall not be responsible for the safe 
kL-eping of the same, nor for damage caused to tliem 
from exposure or other causes. 

53. The city will remove the old boilers and 
prepare foundations below the floor line for new 
boilcra, contmctors to furnish castings to be set in 
underground flue for smoke connections, 

53. The contractor !h;ill get all finished mnte- 
rialfi on the ground at the earliest possible moment, 
and proceed with the erection of the same as soon ui 
notified by the water commissioner. 

The work of erection in place, ready for firing, 
shall he carried on conlinuoosly, night and day, and 
the contractor shall provide for that purpose three 
complete erecting gangs. 

If at any time during the erection the water 
commissioner shall be of the opinion that the work 
can be expedited by the employment of additional 
labor or tools, he shall order the contractor to make 
uch increase in his working force or applianct;s as 
ic may deem necessary to secure the most rapid 
progress possible; and it is especially understood 
and agreed that if the contractor fails to put the 
required force at work promptly, that the water 
commissioner shall employ such labor as he may 
deem necessary, and charge the cost of the same to 
the contractor. 

54. The contractor shall bear the cost of mak- 
ing all repairs necessitated by defective materials, 
workmanship or design of the boilers and furnaces 
for the space of one year after the boilers are put 
inio regular operation. M. L. H. 

170. Specifications for an Engine House. The 

following speci6cations for an engine house differ from those 
in the two previous articles inasmuch as they were accompan- 
ied by complete detail drawings. The contracting and surety 
dauBCS are here omitted, since tliey would be the same as those 
given in article 16S. This engine house covers three large pump 
pits, designed for three sets of low service pumping engines, 
■nd it is entirely without a floor, nearly the entire space being 



kd by the pits. The wails rest directly upon the 



atural 



Jmg c 



ied by a track near 
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the top of the two side walls, this crane spanning the entfft 
opening and running the entire length of the building. The 
side wbIIs, therefore, were made very strong and suhstantial. 

"done!"'" '• "^^^ work to be done consists in building 

and finishing complete Low Service Engine House 
at Chain of Rocks, St Louis City Water Worb 
Extension. The foundation on which the struclurt 
will rest is now completed. The work is shown in 
detail on the following drawings: 
No. 1. Elevation of aide walls. 

" 2. " end walls. 

" 3. Iionf^itudinal section. 

" 4. Transverae sections. 

" 6. Plan below travelor. 

'- 6, " above " 

■' 7. Gallery plan. 

'■ 8. Boofplan. 

" " Boot plan for iron tnwset. 



:h the struclurt ^ 
rk is shown in 



I tnced door and win<t«" 



" 10, CutBl 

"11. DetaiU of stoj 

openings, terra cotta details. 
" r2. Details of out stone in eornio«, fire nilii 

and brick arc lies. 
" 13. Details of windows, doors, ceiling ando^l 

iron door sill. 
" 14. Details of )ai^ sliding doors and haiigrn 
" 15. Details of door and wiudow frames. 
" IG. Details of sky ligbts. 
" 17. Detnils of gailefies, stairs, laddtra, bsloon,' 

and door sills. 
" la. Details of iron trusses. 
" 19. Strain sheet. 
"20, Details of brick oomice, fire walls, elo 

MORTAR. 

All sand for mortar shall be clean, tbiirp, 
, Mississippi river channel sand. 

All cement used in the masonry shall bel^< 
r'a Pnzzolan cement, put up in well-made 



It shall he subject to such tests as nwybc 
necessary to fully determine its character, and sny 
cement which, in the opinion of the water commi'' 
sioner, is unfit for the work herein specilicd will •" 
rejected . 

5. All short weight or damaged barrels of 
cement, or cement without the maker's branil, '*'" 
bs rejected without test. Samples for testing »!'*'' 
be furnished at such times and in suchmauncf" 
may be required. On all barrels accepted in5pcCtii>n 
marks wilt he placed, aud the contractor shall i:^''* 



II. Mei 

barrels. 
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fully preserve these marks and not allow tbcm to be 
imitated. 

6. All cement for use on the works shall be 
kept under cover, thoroughly protected from moist- 
ure, raised from the ground — by blocking or other- 
wise — and dry until used. The contractor shall 
keep in storage a quantity of accepted cement suffi- 
cient to insure the uninterrupted progress of the 
work, 

"J. Cement may be reinspocted at any time, 
and, if found to be damaged or of improper quality, 
will be rejected. All rejected cement shall at once 
be removed from the line of work. 

8. All mortar used in the masonry shall be Mon 
cement mortar, and shall be made of three parts of 
sand and one part of cement, each of the quality 
ibove specified. All mortar shall be made fresh 

(or the work in hand, and any mortar which has 
begun to set shall not be used. 

9. All brick in outer face of walls shall be laid cin 
m mortar, colored with a red mortar stain that is '' 
even in color and durable, and approved by tlic 
witer commissioner. 

STONE MASONRY. 

10. The base, ashler and water table courses *'"" 
thall be of Missouri red granite, sound, free from 
diKolorations, and of even color. All visible rock 

lice shall be free from drill-holes or tool-marks. 
B»5e course and water table shall be six-cut work, 
uhler course, rock face. 

n. Bane course shall be 13 inches high, Sj-5- 
inch bond, with 4-inch by 4-inch chamfer on top. 
Athler course shall be r foot 4^ inches high, 13- 
iuchbond on the setting bed and Sj/ inch bond on 
tte lop bed, and cut for iron anchors. Water table 
•M be "]% inches high, 6-inch bond, cut for iron 
•ndiors and chamfered on top as shown. The 
*shler and water table course shall be anchored to 
tlw brick backing with tarred wrought iron anchors. 

12. All of the granite work shall be laid in the 
BWtt workmanlike and substantial manner, with even 
lod equal joints, H inch thick. Each stone must 
hfive perfect and level beds. All joints shall be 
pointed well and neatly with pointing mortar, col- 
Ofed red. Pointing joints must show equal size 
^roaghout, and be struck with pointing tool and 
Uni^ edge. 
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13. Eight stones, z feet o incites by 15 incbtt 
by 18 inches, and ten atones, 2 feet o inches by i-} 
inches by 15 inches, shall be furnished and set as 
directed, to be used as bed stones for roof tnis^es: 
said stones shall be of granite, sound in nil respecis. 
top and bottom beds dressed true and level. 

14. Window sills, sill courses, belt course. 
coping, pediments, range work around door anH 
window openings, <md all cut stone work above the 
water table, shall be of Lake Superior red sand- 
stone ; fine Crandall finish, laid with equal and even 
J^-incli joints in full beds of mortar. All joinU 
shall be without chipping and beds of stone lerd 
and perfect. Spalls shall not be used ia leveling 
any portion of the work. Window sills shall be cut 
with drips and seats, the seals not being cut to Msci 
size until after the frames are set. 

15. All the sand stone work shall be cut and 
set in the very best manner, and the whole cleannl 
down perfectly, and pointed with red pointing mor- 

: joints, and backed up as soon 3i 



■espccts, 



r pocli 



17. In cleaning down the v\ork, care must be 
taken that the joints are rubbed to a level surface. 

iS. The stone bed course for the track of the 
crane shall be made of lime stone from approved 
quarries, dressed smooth on top bed, bush-hammered 
oD face, and with true and parallel beds. This 
course shall extend the entire length of the buildtti" 
on each side, and it shall be 14 inches wide and t> 
inches high, set in a swimming bed of cement mor- 
tar. When set same must be leveled perfectly, the 
entire length of the building, taking each side out of 
wind with the other. Special care must be exer- 
cised in cutting and setting this course. See detail 
sheet No. zo. 

BRICK WORK. 

19. All the exterior faces of the walls, jarobt, 
etc. , shall be executed with even-colored dark red 
nnd hard brick. All other portions of the brick wwk 
executed with strictly red and hard quality. Lig^K 
red brick shall not be used in any portion cA the 
building, nor will salmon or defective brick^ 
allowed in any part of the walls or on the prefl 
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walla shall be laid in F.« w-lij>. 
red mortar, witli even and full bed aud end joints, 
itnick with a concave tool, as tbe work progresses, 

SI. Ttie Gtandard hciglit for laying all brick Height ot 
ihsU be a courses to 5 inches, unless otherwise ^""""^ 
ordered by the water commissioricr- 

31. Figured thickness of walls will govern. '^Ij^'X™ °' 

33. The brick in every fifth course shall be Bond.* 
hckders, and (ace work shall be laid to bond with 
Flemish bond headers, as directed by the water 
commissioner, during the pio^rcss of the work. 

The different courses shall he slushed, and all 
joiati thoroughly tilled with cement mortar. 

All courses shall be laid to a line, front and 
re«r! plumb, true, straight and level. 

34. All arches shall be turned with arch-brick, BriAArehM 
pound to proper radiating lines, and the face of 

une shall be laid, alternately, S}^ inches and 41^ 
inches, and backed up with row locks laid with shove 
joint. All jambs shall be returned and neally 
pointed. All arches shall be full depth of wall. Turn 
brick Hrches over scats of each truss, as shown on 
iheetNo. 18. 

15. Brick must be thoroughly wet before lay- """^ ^''''■ 
ing, if required. Stone walls shall be well swept 
oSand sprinkled with water before any brick is laid 
on them. 

j6. Cut a sufficient number of recesses through Notchci in 
thesione foundation walls, for passage through same ""^ •'^on- 
of the copper down-spouts, and build them in with 
stone work, as shown on sheet No. i. 

jy. All frames, anchors, wood, bricks, etc., s«ting Coi 
that are necessary shall be built in. wt"«T^'ie. 

2&. Alt cut stone above the water table shall 
beset, and the walls carefully leveled for the recep- 
lion of the iron trusses. After the walls are built nil 
(ills shall be under-pinned with red mortar. 

39. All necessary wood plates for the fasten- 
ing of tin flashing shall be built in. 

30. All terra cotta shall be bonded firmly to the ^q"1"^ '^"'* 
brick work and neatly pointed with red mortar at 
completion. 

31. Two iron I beams shall be built in and '""■ ^ ^'"'"■ 
covered with a fi-inch plate, where shown on sheet 

No, 3, in the side wall over the traveler off-set and 
above the circle head windows, leaving the wall open 
on the under side, so that the traveler can be carried 
through tills opening. After traveler has been set 
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elo!icd up with brick 
Lving the I beams in the %vn]]s, but n 
exposed, 

32. All exterior brick walls slifill be cteaaed; 
all dirt and mortar s^tniiisat complei 

TERRA COTTA. 

33. All the terra colta Iclters nnd border arotiiwl 
same, on east and west walls, to be hard biirneJ. 
best quality red, even in color, and oE designs and 
dimensions shown, free fiom "flashing" or warp- 

34. The letters shall be first modeled and ■ 
plaster mould made, and from the mould the letters 
shall be pressed. 

35. After terra cotta has been burned it shnll 
be laid out and carefully fitted and shaded hdiI 
trimmed if necessary, after which each piece shall be 
lettered to correspond with a setting plan which 
shall accompany the delivery of all terra cotta. The 
details for the terra cotta will be found on sheet No. 

36. All terra cotta to be set in putty, colorcil 
to match, and properly bonded to the brick badunsi'^ 
The bricklayers shall set all terra cotta. 
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>. 37. Four lo-inch sqn.ire down-pipes, 

copper, to lead water from roof and connect 1 
with sewer, shall be furnished in place. Each down- 
pipe shall have square copper head of 20-ounce 
copper, and moulded copper bauds of double thick* 
ness of i6-ounce copper placed not more than 4 feet 
apart, and secured with 3-inch copper holdfasts, 
with rosette heads. 

38. Gutters shall be formed with rojfiag liu 
of form and size shown ou drawings for sntne, nnd 
constitute a piirt of the roof-covering, and graded BO 
as to carry the water from the center to the four 
corners of the building and open into the copper 
down-spouts. Tin gutters shall be carefully flushed 
and couuterflashed into the brick fire-walls, and 
nailed to wood strips provided for said flashiog, as 
provided for in clause No. 44. 

39. The copper liniaU for the sk) UgllU sball 
be furnished and secured in place. 
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40. Copper drip strips, iX^ indies wide. 1 ' 
ich lo project into the morlar joint, and J^ inch to 
; exposed and bent to an nngle of 30°, as shown 
1 detail sheet No. 12, shall be furnished tho brick- 
vers on the scaffold. 



41. The roof shall be covered with roofing 
plates, Btaniling seam, with joints well tacked, 
nncliored and soldered, nsing rosin as a flux, nnd 
8-pound soldering coppers, and tin well and closely 
iilealed to roof. 

42. The roofing plate used shall be Scott's IX Tin p 
extra coated American roofing tin plate, and must 
bear a coating of not less than 36 pounds to the box, 

:ind must be fully guaranteed, with the maker's 
name stamped in each sheet, and each sheet must 
be coated in perfect uniformity and free from 
■ 'wasters." 

43. The gutters shall be lined with Scott's IX Gutt« 
roofing tin, flat scam, and shall conform to the ^'" 
gutter plan as sho^vn on sheet No. 8, and shall be 
carefully Unshed against the brick fire-walls, and bs 
firmly nailed to the wood flashing strips, after which 

all of this gutter flashing must be well and carefully 
countcrflashed. 

44. The wood flashing strips shall be built 
into the brick fire-walls S inches above the wall 
edge of gutter at center of root and 34 inches above 
at each of the four corners. 

45. The flashing around the skylights shall sh^J^? 
extetid against and S inches up the wood skylight 
frame, and shall be finished before the carpenter 

lays the base. 

46. Tin shall be painted, before being laid, ''"'"' ^ 
with two coats of the best quality of iron oxide, ''" 
ground in pure linseed oil, on the under side, and 
must be perfectly dry before laying; and that pari 

lit the roof covered with tin shall have two layers of 
heavy straw building paper laid over shealbing 
hoards before putting down the said tin. Each 
layer of paper to overlap and be fastened down 
smooth and flat, and to be kept free from moisture, 
lause No. 31.) 



All the himiiCT used in the construction of 
Tmlding ihnll be graded as follows: 
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Purlins — 4-inch by lo-iiich, yellow pioe, long 
leaf, surfaced three sides and stub moulded. 

Lower Roof Sheathing — i J^ inches by + inches, 
tongued, grooved and beaded on under side, "B" 
select, surfaced one side. 

Upper Roof Sheathing — }i inch by 8 to lo 
or t3 inches No. i ship lap, surfaced one side. 
Skyligbt Frame— Posts and platee, 5'4 in. x 5)4 in. y«Ilow 
piDe No. 1. 
Raftei'H. 1 in. X 4 in. yellow pine No. 1, 
" " Nailing girths, 2 in. x 8 in. white pine No. t. 

" ■' Outside casing, Jj in. "B" eetect. 

" " " base, 1>S in. "E" seleet. 

" " Inside casing, % in. "B" eeleot. 

" " " lining, J^ in, k 4 in. beadetl whlt« 

pine, "C" select. 
" " Plinth and base blocks, 1}4 in. "B" selesC. 

t^nsiimg sIripB — 2 in, z4 in., No. 1 white pin'-. 
1st fcallery Soor girders.— 3 in. x S in. and 2 in. x (! in. No. 1 

long California yellow pine, Hurraced three sidea. 
1st gallery floor.— 1>^ in. s 3 in., first and second yellu* 

pine, tongued and grooved.* 
Tread board— 2 in, i 12 in. white oak. 
Window frames — "B" Bclect. 
Sash — ''A" select. 
Doors — "B" select. 

48. All lumber must stand strictly on grsde, 
kiln dried, free from large loose knots, sap, sliakei 
rot, Bl:iin or any other defects foreign to 
respective grades. 
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49. The roof shall be covered with two coun 
of sheathing. The lower sheathing shall be white 
pine, tong^ed, grooved and beaded, and shall be 
I y% inches thick by 4 inches wide ; under side 
dressed and smoothed at the bench to a perfect 
smooth surface, and fastened to place and left free 
from hammer-marks or other defects. Upper 
sheathing shall be \ inch by 8, 10 or 11 inches widCi 
No, I ship lap, laid diagonally, and nailed to the 
lower sheathing. Care must be taken that nails 
shall not go through the lo^'er sheathing ; ibe nailing 
to be in the purlins. 

50. All purlins shall be 4 inch by 10 inch long 
leaf yellow pine, surfaced three sides, stub moulded, 
dry, sound und straight grained. They shall be 
spaced on centeie, as shown on detail sheets Nos. 
iS and 9, and secured to upper cord of truss by 
angles and bolts, as detailed. 

•■riicM li no ftoQi propel In ihc Uuil.lJi.g—Dnly a 
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51. Cover the entire roof with two (2) layers 
of heavy straw building paper, laid over the ship lap 
sheathing before putting down llie tin. Each layer 
of paper (o uvcrlxp nnd be fastened down smooth 
and flat, and W be kept free from moisture. This 
work sha'l be performed by the carpenter, under the 
direction of the tinner, and laid in such sections only 
as required to keep in advance of the tinners. Tlie 
upper eheathjng, paper and tin shall be laid as fast 
as the lower shcathint: is n.iilcd in place, so as to 
protect the ceiling at all limes from tlie weather. 

•^2. Skylights shall be three (3) in number, Skyiighu, 
and framed iu accordance with details for same, as 
shown on sheet No. 16 (this sheet shows details for 
the two end lights only; the center light shall be of 
same construction, but of sufficient length to reach 
the distance of two truss centers, as per longitudinal 
elevation and roof plan). The principal posts shall 
be of 5>3 inch by 5;^ inch yellow pine, and shall be 
fastened to purlins with wrought iron anchor straps 
firmly bolted to both purlins and posts. The upper 
end of all posts shall be tenoned. 

53. Wall plates shall be ^yi inch by 5;^ inch 
yellow pine, ami mortised to fit the post tenons, 
and all fastened together with strap iron anchors 
and bolts. 

54. The hip rafters shall be made of 4 inch by 
4 inch yellow pine and dressed four (4) siiles, and 
shall he backed same as for wood sheathing, and 
upon the top of p'ates between heels of rafters 
spike a triangular strip of wood secured rigidly to 
the plate to receive the thrust of the skylight bars. 
The center cage shall have the necessary rafters 
shown on sheet No. S, and be firmly bolted at apex 
tbrough a ridge piece of 3 inch yellow pJnc, top edge 
of ridge beveled. 

-'55. Nailing girths shall be z inch by 6 inch 
'' pine. No. 1, nnd be firmly spiked to the 

'■56T The outside shall be cased up with | inch 
"B" select, to form the finish above the base. A 
biwboard of ij4 inches thick, "B" select, beveled 
On top edge, shall run around the entire frame and 
W firmly nailed to the casing. See clause No. 45. 
57. The inside shall be trimmed by casing up 
'he posts with % inch thick "B" select, fluted and 
"jiling on plinth and base blocks as shown. The 
iudde below the window stool shall be ceiled with 
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Ji iuch X 4 inch beaded "H" ceiling, nailed on dtif*' 
unally, with, the nnils countersunk and finished at tbe 
bottom with a 2-iiich band mould. 

5S. (For specifications of skylight roof, we 
clause No. 112.) 

59. The roof ceiling shall be finished by run- 
ning a mould along the truss and purlins, forming 
the different p.mels, as per detail sheet No. 13. 

60. The floor of lower gallery shall be made 
of sj4 inch by 3 inch Congued and grooved first and 
second yellow pine in continuous lengths. It shall 
be blind nailed to girders and the nailing joist- 

61. The nailing joist shall be 3 inch by 6 inch 
No. I loTJg leaf yellow pine, and iu continuous 
lengths from bracket to bracket and bolted to chan- 
nel bar. 

62. The floor girders shall be 3 inch by 8 inch 
No. I long leaf yellow pine, surfaced three sides, 
notched on brackets. All joints shall rest on 
brackets, 

63. The carpenters shall furnish all centers 
and templets, and shall put up and take down same. 
The centers and templets shall be made in a proper 
manner, strong and well braced. 

6]. The carpenter shall set all frames, iwid 
verify their plumb after the brick archi ■"" 
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65. Window frames below the traveler s 
be solid frames for top and bottom pivoted sash, and 
shall be made of form and dimensions called for by 
the drawings. The lumber used in their construction 
shall be clear, dry, and sound Wisconsin white pine, 
"B" select, free from knots or sap. Faces of alt 
frames shall be moulded as per detail. 

66. All frames shall be given a heavy coat of 
paint all around, including back of jambs, and shall 
be set perfectly plumb; and the sill shall rest on a 
bed of cement mortar, J^ inch higher on the inside, 
so as to make a water tight joint. Casings, mul- 
lions. transoms, etc., shall be moulded as shown on 
details. The frames shall be put together in a 
strong manner, well and closely nailed, and the 
Stop-beads fastened with i^-inch blued round* 
headed screws. All the lumber in frames shall be 
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" 67. The fi'ames shall be provided with moulded 
stool, teTminiiting with mould against plaster. 
Mullions nnd jambs shall be cut down squait- on 
aioiie 6eat«, 

6S, Stiles, liGiids, mullions and transoms shall 
be »olid. All circular portions of frames shall be 
worked in the solid and put together with white 
lead, so as to break joints throughout, and firmly 
tptked. A 2 inch by 4 inch bond slrip shall be 
Spiked to all frames (except the two door and the 
two large window frames), extending from sill to 
sprin« ol aich for anchoring same to brick backing. 
The beads of frames shall have wood blocks of 2 
inch by 4 inch by 8 inche nailed to same and spaced 
a distance of cS inches on centers. 

fig. The two door and window frames above 
mentioned shall be anchored to the brick backing 
with wood blocks of bone dry white pine 4 inch by 
ij inch by la inch, built in the brick work, and 
spaced as shown on detail sheet No. 1 1- The 
frames shall be bolted to same with ^ inch by S 
inch lag screws. The frames shall fit in a recess of 
one inch in the brick work. 

70. Inside mould and stools will not be nailed 
in place until plastering is perfectly dry. 

71. Two iron dowels shall be placed in the 
bottom of each jamb and mullion. The dowels 
shall be of i-inch round wrought iron, and sunk i J5 
inches in stone sill. 

73. All frames above the traveler shall be 
solid frames for &ide pivoted sash and for 13-inch 
walls, and shall be made of "B" select. 

73. All window sashes shall be of the form s**- 
and dimensions called for by the drawings. The 
lumber used in their construction shall be clear, dry 
aDd sound Wisconsin white pine ("A" select), free 
from knots or sap. 

74. AH sash shall be moulded and rebated 2<^ 
inches thick, and divided into lights as shown, 
^ncli sash shall be neatly <ittcd and properly hung 
>vilb Wollensak's plain bronze sash centers, No. [44, 
And shall be secnred with bronze cupboard turns, 
and provided with casement rods or shutter holders. 
No. 8o30, p. 1876, "Simmons." 

75. All transom sash that are fixed shall be 
closely fitted and secured in place with heavy coat 
of white lead in the stop joinis, so that all joints 
shall be water tight. 
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76. Skylight sash shall be 2j,( inches tMcV, 
and divided as shown on sheet No. t6, center pi\'- 
oied and mnde water tight. 

jy. The door frames at each end of the build- 
ing shall have rebated solid plank frames, beaded 
and moulded on outer face to match window fTamei. 
They shall be built in same manner as specified for 
window frames, using "B" select, and shall be 
secund to brick work in the same manner as speci- 
fied for other frames. The frame for the double 
door, south end, shall be rebated for 2^ inch doors, 
and shall have a transom bar 3>g inches thick. Tbe 
single door at north end shall be made without txia- 
soms and sbuil have t>^ inch rebate. 

7S. The doors at the southend shall be double, 
and each door shall be hung with four 6 inch by 6 
inch re.ll brouze butts, rebated at center joint and 
beaded. 

79. The doors shall be 2^ inches thick and 
made of dry "B" select, with stationary sash divided 
in lights as shown ; lower portions of the doors shall 
be paneled and moulded as shown by detail sheet 
No. 13; the p.inels shall be made of tongued and 
grooved J4 inch "B" select, 2 inches wide, with all 
joints beaded and driven up in white lead. 

80. The single door in the north end shall be 
made of "B" select, i^ inches thick. It shall have 
stationary sash panels, and be built as speciticd for 
south door. 

Si. Doors shall be secured with mortise locks. 
rebated for double doors, bronze knobs, plates and 
trimmings, and flush spring bolts, top and bottom of 
real bronze. 

S2. The sash in all doors and transoms for 
same shall be as specified for the window sash, 
and the transom sash pivoted and bung with the 
same kind and qualitv of hardware. 

S5. The large sliding doors shall be made of 
the same quality of lumber as specified for ihe small 
doors, and in two thicknesses of 1 J-i inches each, mak* 
ing a total of 3^ inches, framed separately, and put 
together with white lead, and firmly screwed up 
with 3 inch screws, counlersunlc ; they shall have 
tenoned stiles, rails and muntins; all tenons shall be 
double pinned »vitb J^ inch white oak pins, and all 
shall be bolted together with iron rods, as sliownj 
dot lines on detail sheet No. 14. The 
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"*e madeof tongiied and grooved "B" select, 2 inches 
wide niid beaded both sides. 

54. Smnll swin^ doors shall be framed into 
each large door, making four in all. They shall be 
bung with three (3) 4 inch b; 4 inch real bronze 
butts, and fitted witli Yale mortise locks, with keys 
to pass. 

55. Each pair of the large sliding doors shall 
have wrought Iron drop bars, made of 3 inch s f^ 
inch iron, bolted at one end nod mnde to drop into 
a hook at the other; with a turned iron hand lift as 
shown on detail sheet No. 14. 

56. An oak br:ice frame for each door opening, 
having form, size and radius as shown 00 detail 
sheet No. 14, rounded on each edge, shall be secured 
to the brick work with expansion bolts, in the most 
substantial manner, and framed into a girder made 
01 l^ inch by ;^ inch oak, of length equ.it to the 
nin of both doors, and firmly bolted to the wall with 
brackcled bolts, as detailed. All to be put in posi- 
tion before plastering, in the most careful and sub- 
stantial manner. 

HARDWARE. 

57. Tbe numbers and pages given for hard- ' 
ware refer to Simmons' Catalogue. 

88. All pivoted windows shall be hung with 
Wollensak's plain bronze sash centers, No. 144, 
and secured with plain bronze cupboard turns. No. 
8535, page 1650, and real bronze casement stays, 
No. S020, page 1876. Pivoted transoms shall be 
fitted with similar sash centers, and with Payson's 
solid grip transom lifts, real bronze, J4 inch by 6 
feet, No. 0336. 

89. All doors, except large sliding doors, shall t 
be hung with butts, and fitted with Yale mortise 
locks and keys to pass, and top and bottom bolts for 
tbe double doors. 

90. The two double doors in south end 
shall each be bung with four 6-inch by 6-inch real 
bronze butts, and fitted with rebated mortise Yale 
lock, plain bronze, for 2^ inch door, with keys to 
pass, and real bronze extension flush bolts, plain, 
same as Yale pattern No. 7S8E., B. 34, page 1675. 

9 r . The single door in north end shall be hung 
with four 6-inch by 6-inch real plain bronze butts, 
^tilted with lock for i ^ inch door of same kind 
Mcified for double door. 
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92. The four sm^tl swing doors Ihat are built 
in the large sliding doors shall each he hung with 
three (3) 4 inch bv 4 inch real plain bronze butts, 
and fitted with lock as specified for the north door, 

93. The finish of all hardwnre shall be rcjl 
plain bronze throughout, and all locks shall be Yale, 
with keys to pass. 

I 94. Construct for the two sets of large sliding 

'^ doors a hanger and track as per detail sheet No. 14. 
The hanger shall be made of wrought iron II inchet 
wide and ,'^ inch thick, bent to correspond wich 
profile shown, and fitted with a steet truck-wheel, 
turned with a groove, and necessary bearings. The 
banger shall be firmly bolted to the doors with 
heavy screw-bolts, as shown. 

95. The track for above hanger shall be made 
of Gtcel Z bars, 4.72 pounds per foot (Carnegie 
calalogue No. 395), witii the short fiange ground to 
fit groove in wheel, and the large flange firaily 
bolted to oak girder. The track shall be equal ta 
the run of both doors. These doors must be made 
lo run easy and work perfectly. 

PLASTEK. 

g6. The side and end walls from ibe slinn: 
foundation to the top of the brick walls in the inside 
of the building, including window-jambs and stools, 
shall be plastered with Acme plaster, and given a 
granulated finish with white sand, applied according 
to the directions of agent. All walls shall have 
straight, true surfaces, angles plumb, jamba and 
stools plastered. Walls shall be laid otf to repre- 
sent slone courses, as directed. Joints shall bo 
marked off when plaster is green, and shitll be ^4 
inch throughout, and cut with clean edges, the joints 
to continue around window-jambs and to be struck 
to represent arch stones over openings. 

97. A plaster base and wainscot moulding 
shall be made around the building of height shown, 
base 13 inches by i inch, chamfered on top: wain- 
scot cap, 5 inches by i inch, moulded and cham- 
fered top and bottom, as shown on sheets Nos. 3 sad 4. 

PAINTI.\G AND ULAZINO. 

9S. The contractor shall furnish all material 
and perform all labor ncccssarj' for the proper paint- 
ing of the building. At! sap, knots, etc., of (he 
wood-work shall be covered with a good c 
strong shellac before priming. 
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99. AH wood-work to be pyinlecl shall be ' 
primeJ with French ochre and boiled Jinseed oil, 
ind all iron-work shall be primed with oxide of iron 
und boiled linseed oii. All holes and cracks in the 
wood-work shall be puttied and slopped on the 
priming coat, and again before applying the last 
finishing coat. 

100. All outside wood-work, usually painted, 
shall have four (4) coats of pure white lead, ground 
in linseed oil, and mixed wilh pure boiled linseed 
oil. The exterior of all frames, doors, sashes, sky- 
lights, etc., shall have the last two (2) coats in 
colors, as directed by the water commissioner. 

101. All tin and galvanized iron shall have, 
after completion, three (3) coals of Dixon's Silica 
Graphite paint, thinned with pure boiled linseed oil ; 
each coat shall be allowed to dry thoroughly before 
[he next is applied. Each coat of paint on the tin 
roof must be of a- different shade, and each shade 
shall be approved by the wiiter commissioner. 

102. All of the inside wood-work, including 
sash, doors and frames, etc., shall be painted four 
(4) coats of pure white lead, grounLl in oil, and 
mixed with puie boiled linseed oil, brushed on 
smooth and even, and grained a perfect oak on the 
iavt coat, after which it shall receive a heavy coat of 
cosch varnish, evenly flowed on and left in the 
gloss, 

103. The ceiling, including purlins, skylights, * 
etc, Bball be painted with four (4) coats of paint of 
quali^ specified above, and of such colore as the 
wilcr commissioner may direct, and each suc- 
ceeding coat must be of a different shade, as per 
direction of the water commissioner. 

104. The first gallery floor shall receive four ' 
(4) coats ol pure boiled linseed oil, and the floor 
girders shall be painted to match the iron channel 
bar and brackets. 

105. All iron and steel work before leaving ' 
the shop shall be thoroughly cleaned from nil loose 
Kale and rust, and after inspection be given one 
good priming coating of pure, raw linseed oil and iron 
oxide, well worked into all joints and open spaces. 

106. In riveted work the surfaces coming in 
wntact shall be painted before being riveted together- 
Bottoms of bed-plates, bearing-plates, and any parts 
which are not accessible for painting after erection, 
»hall have two coals of paint. 

II 
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107. After the structure is erecteil the trtti 
wotU, both wroti!:;!u and cast, sliall be thoroaghlc 
and evenly painted with lliree additional coats ot 
paint, of quality specified for the wood-work, miuil 
with strictly pure linseed oil, and each succeeding 
coat shall be of a different ihade, and each shade 
must be deiertnined and approved by the wattr 



loS. The painter must see that all wood-worii 
is perfectly clean before priming or painting, and 
putty up all nail heads and other defects, and Mod- 
paper smooth and perfectly prepare all wood before 
applying a second coat. The whole of the painting 
work throughout to be done in the best and moit 
workmanlike manner, and all paint and varnish spoh 
must be cleaned off the glass, walls and galleries It 
the completion of the work, and all left clean >n<l 
perfect, without exception. 

109. All paint must be mixed at the buildkg, 
and under the direction of the water commissloneti 
except the priming for the iron work- 
no. All of the glass throughout shall be 
American, double thick, perfectly free from any 
blemish, flaw or defect. All shall be set in oil 
putty, carefully tacked with tin glazing tacks, tnd 
back puttied. 

1 1 1. All glass to be cleaned after glaiting, W 
again after painting sash. 

SKYLIGHT ROOFS. 

112. The skylight roofs used on this building 
sliail be of the Vaile & Young patent, and shsilbe 
adapted to ihe wood c.ige construction, aj detiiW 
on sheet No. 16. 

113. The bars shall be of galvanized iron, 
except the parts exposed to the weather, which ahlH 
be of 20-ounce copper, and the said bars muftbe 
ri^id enough to support Ihe glass without deflectio"' 
The apes shall not be finished to a point. butaW 
be fitted to the square of the size of the copper finl>'< 
and said finial shnll fit over the apes and cover all 
joints. This finial shall be made of iS-ounce cop- 
per and furnished with Ihe skylights. 

114. All bars not resting on rafters shall t* 
wrought iron, encased with galvanized iron. 

115. All skylights shall have hanging giittw 
of zo-ounce copper, with 3 tall to one corner. wJ 
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■from this corner the water shnll be conveyed to tlic 
mmn roof by menns of a copper down-spout, which 
eball be funiislied with the skylight. 

ii6. All glass used in the skylights iihall be }i , 
inch diick and ribhed. It shall be furnished by the 
manufacturers of the skylights, and it shall be set 
with special care, and under rigid inspection, and 
shiilt be oE a continuous length, 

ROOF TRf SSKS. 

117. The castings shall be made from a Cmi iro'aT" 
superior quality of iron, tough and of even grain, and 

must conform in shape and dimensions to the draw- 
ings. Castings must be clean and perfect, without 
t)aw or sand holes or defects of any kind. 

118. With the exception of the be-iring plates, Sofi si«i. 
the roof trussing shall be of soft steel throughout. 

J 19. The steel must be uniform in char.icter. 
The finished parts must be free from cracks on the 
faces or corners, and have a clean, smooth finish. 
No work shall be put upon any steel at or near the 
blue temperature, or between that of boiling water 
and of ignition of hardwood saw-dust. 

izo. All tests sh.-tll be made by samples cut 
from the finished material after rolling. All broken 
samples must show uniform fine grain fractures of a 
blue, steel grey color, enlirelyfree from aliery luster or 
blackish cast. Soft steel shall have an ultimate 
strength of 54,000 to 6z,ooo pounds per square inch ; 
an elastic limit not leas than 30,000 pounds per 
square inch, and a minimum elongation of 25 per 
cent, in 8 inches. 

Before or after heating to a light yellow heat 
and quenching in cold water, this steel must stand 
bending iSo degrees to a curve, whose inner radius 
ia equal m the thickness of the sample, without sign 
o£ fracture. 

I2t. Specimen pieces of a size and form suit- 
able for tlie testing machine shall be cut from any 
plute, angle or bar, when directed by the water 
commt&sioner. 

132- If any specimen shall not conform to 
above requirements, all the material of the same 
form and manufacture as the piece from which this 
Specimen was taken will be rejected. 

123. All rivets shall be made of soft steel, and 
the steel for rivets must, under the above bending 



COMPLETE SPECIFIOATIOSS. 

test, stand closing solidly together without ngi^R 
fracture, 
Ts. 124. For nil material taken by the wattr 

commissioner for testing there will be added to the 
final estimale the following prices, viz. : 

For all sleel, the sum of five cents per pound. 

For all cast iron, the aum of three cents per 
pound, 

AH broken material to belong to the party of 
the second part, 

125. The workmanship and finish througlioul 
shall be thorough and of the very best, nnd any piece 
or part, however perfect it may be in other respectf, 
if defective in workmanship, will be rejected. 

126. That part of the bed plate on which reit* 
the three eighth inch bottom plate of the truss sh«ll 
be planed or faced to a true plane surface. Ail 
abutting joints in top and lower chord shall be 
planed or faced. 

127. In punching rivet holes, the diameter of 
the die shall in no case exceed the diameter of the 
punch more than one sixteenth inch, and all holes 
must be clean cut, without torn or ragged edgea. 

12S. All rivet holes shall be so accur*t(Ij 
spaced and drilled or punched that when the several 
parts are aBsemblcd a rivet one-sixteenth inch less id 
diaineler than the hole can be entered hot into uy 
hole without straining the iron by drifting. Occs- 
sional variations shall be corrected by reaming. 

129. Whenever possible, all rivets must be 
machine driven. The rivels, when driveOi llisll 
completely fill the holes. The rivet heads ihall be 
round and of a uniform sine throughout the work. 
They shall be full and neatly made, and be concen- 
tric with the rivet holes, and thoroughly pinch toe 
connected pieces together. The several pieces form- 
ing one built member must fit closely together, an'I 
when riveted shall be free from twists, bends <" 
open joints. The angle irons forming the topchotil 
must be bent at the different panel point* to ibf 
proper angle. The lower chord shall have sufficie"' 
camber to allow for the deHection of the loaded 

130,-^ All bolts and nuts to be made from I)k 
best quality of soft steel. The nuts to be hesagoiul 
and the beads square. Heads, nuts and ibretdi to 
be standard size. All bolts shall have « wwtfl 
under the heads or nuts, where in contact with wood. 
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131. All rods with screw ends shall be upset '-'P"' ^°<'» 
nt ihe ends so that the diameter at the boHotn of the 
tbrcids shall be one sixteenth inch larger than any 

;o£ the body of the bar. 

13Z. All the angles, filling and splice plates Angiei, «e. 

t fit at their ends to the flange angles sufficiently 
doie lo be scaled, when painted, against the admis- 
lioa of water, but need not be boat finished. 

133. To support and hold purlins in place, short ''"""'"f " 
pieces of angle iron 3J3 inches by 6 inches by ^ inch Putfioi, "" 
iball be riveted to principals with two J^ -inch rivets, 

nnd purlins shall be fastened to them by ^-inch 
bolts. The contractor shall furnish all bolts, each 
with one cast iron washer. 

134. All the bed plates under fixed and sliding ^.'^/j^f 
end must be fox-bolted to the masonry with 1}^ chori. 
inch bolts. The contractor must furntsh all bolts, 

drill all holes and set bolts to place with cement. 

IRON GALLERY, LADDERS, ETC. 

735. The galleries shall consist of three diKcr- 
tat sections, as follows: 

lit. A lower or Grst gallery. (Sheet No. 7. ) 
2d. An upper or seoond gallery. (Sheet No. 7.) 
- Sd. A bkluooy gallery. (Sheet No. 4.) 
Details for above galleries will be found on 
SbeetKo. 17. 

136. The first gallery shall extend around the ^'"" g^H'i. 
entire building on a level with grade (El. 115), and 

shall consist of brackets, railing, chains, posts, and 
wood floor. 

137. The wood floor shall be 4 feet and a 
taches wide and made of i^ inch thick by 3 inch 
wide yellow pine flooring, and shall rest upon two 
girders nnd one channel bar. and both girders and 
channel bar shall be supported by cast iron brackets. 
The channel bar shall be 6 inches high, weighing g% 
poandsper lineal foot, and to this channel shall be 
boiled yellow pine nailing joists 2 inch by 6 inch; 

■""Lbofts shall be ^ inch, with round head, nuts 
fwashers, and shall be sp.iced three to each 
The two yellow pine girders shall be 3 inch 
, inch and notched so as to seat on the top of 
bmkeu. 

135. Brackets shall be cast, according to detail, 
(bowed on sheet No. 17, and shall he firmly bolted 
lo the stone-mason work with I inch by 10 inch ex- 
patiiion bolts, at top and bottom of e.-ich bracket. 
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Tl;e stone walls must be recessed sulBciently U 
nn even bearing for the backs of at! brnckets. 

139. Rniling shall be made of gas ptpa and | 
suitable fittings connecting same, made in accord- 
ance with details. Top and bottom rails shall be i<i 
inch and 2 inch gas pipe; intermediate railS) l% 
inch gas pipe; principal posts 2>5 inch, and Inlcr- 
mediate posts 2 inch diameter cast iron. 

140. At the angle where the stairs commence 
this first gallery shall be constructed, on a radtut. at 
shown on gallery plan, sheet No. 7, to make room 
for said stairway. A round hole must be made in 
this floor to suit stair column. 

141. Suitable chain faslcning gales shall k 
provided at all openings in gallery with suilshlc 
hooks, eic, chain to be of wrought iron J4 inth in 
diameter. There shall be two chains at each open- 
ing. See sheet No. 7. 

J_" 142. The second gallery shall extend acro" 

south end of building, and terminate at one end 
with a spiral staircase, and shall consist of bracked, 
channels, railings, post and floor, ■ The bracktU 
shall be cast as per detail, shown on sheet No. Ijt 
(scale, ^ inch), and fastened to brick work by w 
expansion bolt at the foot and a bearing plate attbe 
head. Upon these brackets shall rest a. six Iild> 
channel bar weighing 9J^ lbs. per lineal foot, iirf 
another bar of same size and weight shall be fastened 
to the brick work by expansion bolts. Upon ihoc 
two channels the cast Boor plates shall take their 
bearing. The railing, posts, etc., shall be maJe <li* 
same as specilied for the first gallery. For a pi*" 
of this second or upper gallery, refer to sh«l No. 
7. The floor plates shall each be cast with tUtet 
ribs; said ribs shall be spaced on centers, .iccorilioc 
to the length of the floor plates, and shall be locateJ- 
one ou each extreme edge and one in the center; *" 
3 inches deep and I inch thick. 

143. Winding stairs shall consist of ciisl iron 
center column, tre.-ids, rail and newels. 

144. The center column shall be cast ^ bch 
mclal and be 7 inches in diameter, terminating •' 
upper end with a newel, as shown on sheet No. ■*■ 

145. The center column shall be 6u|tported hy 
two 13 inch steel I beams. 43 pounds per fool' 
located diagonally across one comer of the (tone 
foundation, with bolts and separators, and set i" 
place before commencing the brick work. The (ol' 
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fl.-iiige on the lower 
lange must be firmly ' 



ataa shall have a square iron 
end of I inch metal, and said f 
bolted to the steel I beams. 

146. Steps or treads shall be cast without 
ricerSi but shall have thimble height of step, cust on 
each step, with tread nosing continued around. 

147. These thimbles shall have freedom fig- 
Uied on driiwing, and the vacant space shall be well 
ind thoroughly calked with sulphur. 

14S. Steps shall he cast of ^ inch metal, dia- 
mond pattern tread. Each step-thimble, bracket 
and Rangt; shall be cast in one piece, each step 
being bolted to the next at connections. The first 
risers aball be housed into the wood floor, if neces- 
nry. 

149. Stair rail shall be made of a inch gas 
pipe, bent to proper sweep and curve, terminating 
lop and bottom at newels. Newels shall be cast 
iron J< inch metal. All shall be executed according 
lo drawings, each and every portion put up, bolted 
and secured in the sti'ongest and most workmanlike 
manner, and to the satisfaction of the water commis- 
iioner. 

150. The third or balcony gallery shall be eon- >] 
slmcted of wrought iron brackets, made of y^ inch 
hy 2 inch metal, and fastened to the brick work with 
expansion bolts. It shall be provided with an oak 
tread board. This tie ad board shall be furnished 
by the carpenter and put in place by the gallery 
contractor. 

151. This balcony shall extend aci'oss north 
end of building, as shown on section plan No. 4. 

152. Two wrought iron ladders with l4 inch ' 
In a inch sides and 1^ inch round rungs, passing' 
iDtough side pieces and riveted, shall be furnished, 
pot in place and properly secured. One ladder to 
itgrt on the first or lower gallery and extend up 
and through the balcony gallery as per drawings. 
One ladder shall be located on the exterior of the 
building and commence about 10 feet from the 
gnnind and extend upwards to and be anchored into 
ibe fire>W3ll coping, as shown on elev.ntion sheet 
No. I. The details for these iron ladders will be 
found on sheet No. 17. 

153. There shall be cast and set in place cast ' 
iron door sills for the doors in the north and south 
endiand the two large doors in each side. 



I 
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154. Sill for the south door shall be 5 feet S 
inches long and 3 feet 4^^ inches wide, J^ inches 
thick, ond cast in diamond pattern, with door saddle 
and seats for wood frame drilled for yi inch expan- 
sion bolts. 

155. Sill for the north door shall be 3 feet 6 
inches long and 3 feet 4^ inches wide, cast same ns 
specified for south door. 

156. Sills for the large doors shall be cast dia- 
mond pattern, i inch thick, and shall have a square 
flange on outside and inside edge as shown. These 
sills shall be cast in three separate sections, as shown 
and figured in sheet No. 17. 

157. A hand rail made of 1J-4 inch gas pipe 
shall be provided and put in place and continued 
along both sides of the building its entire length, 3 
feet 6 inches above t[)e traveler I beam. This rail- 
ing shall project from the wall 6 inches, and be firmly 
bracketed to the wall at sufficient intervals to insure 
ample stiffness. The ends shall be secured to the 
wood window frames. See sheet No. 3. 

15S. The traveler track shall consist of an iroD 
I beam, S inches in height, and weighing 34 pounds 
per lineal foot, Carnegie catalogue, No. S C, page 
22, extending the entire length of building on each 
side. It shall be firmly bolted to the stone sill course 
with ^ inch expansion bolts, and the space between 
the web of beam and sandstone sill shall be filled 
wilh hard burned brick, laid in the best of cement 

159. Upon the top flange of this S inch 1 beam a 
flat top steel rail, weighing 51 pounds perlineal yard, 
shall be bolted, extending the entire length on both 
sides of the building. This rail must be drilled in 
each flange, and these flanges bolted with }^ inch 
bolts into the flanges of the I beam. The rail shall 
be connected at joints with fishplates and bolts. 

160. Two S-inch I beams, weighing 34 pounds 
per foot, with bolts and separators, shall be built 
in brick work, as shown on plan and specified in 
clause No, 31, and covered with a f^-inch iron ptsle. 



FiBiifc 161. All of the materials and work required 

CeiDpleie. ^^J. ^^^^ ^^^y completion of the building herein speci- 
fied, to the entire satisfaction of the water commis- 
sioner, shall be furnished and done by the contractor, 
and should anything not mentioned within this spec- 
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I to fully < 



plele the work, 
: wilhout extra 



162. No masonry work of any description ^nn. 
(.hall be laid lu freezing weather, except with special 
permission of the water commissioner. 

163. All unfinished work shall be properly 
protected from injury by frost. 

' 164, Any masonry work found damaged by 
frost shall be taken down and rebuilt at the cost of 
the contractor. ' 

165. When the work is completed, the build- cieiDingnib 
ing, substructure and surrounding grounds shall be 

cleared of all rubbish caused by construction, and 
left in a neat and presentable condition for imme- 
diate use. 

166. Measures shall be taken bv the contract- pubucSafn*. 
or, whelber required by city ordinance or not, to in- 

Bure the safety of the public, by such precautions of 
fencing, watching, lights, etc., as the exigejacies of 
the cnse may call for. 

167. The contractor shall furnish, at his own Brectioa. 
cost And expense, all necessary centering and scaf- 
folding, and remove same at the completion of the 
work. 

168. Due facilities must be afforded the water 
commissioner for giving the lines, grades and points, 
and all stakes or marks given by him must be pre- 
served undisturbed. 

169. The contractor shall keep on the work, 
accessible at all times, the plans furnished him by 
the water commissioner, and a copy of these spec- 
idcatioaa. 

170. At all times, when work is in progress, 
there shall be a foreman or head workman on the 
grounds. 

171. Necessary conveniences shall be construct- 
ed for the use of the contractor's employees, and dur- 
ing the progress of the work herein specified the 
contractor shall not use or interfere in any manner 
%vith the present buildings, pipes or appurtenances 
of the waterworks. 

173. The use of the railroad tracks and switch- 
es belonging to the waterworks will be permitted 
to the contractor for the work herein specified at 

such times only as will not interfere with the deliv 

ery, switching and handling of coal cars. 
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173. Particular care must be exercised in t!i( 
protection of all finished work as the huilding pro- 
gresses, such as exterior projections, cut stone, trga 
stairs and galleries, etc., which must l)e fully prolectrJ 
from injury or defacement during the erection find 
completion of the building. 

174. The erection shall be carried on in suih 
manner as will in no way interfere with the erection, 
completion and operation of the pumping engines or 
machinery. The extra cost of handling the erection 
in this manner must be incUided in the sum bid for 
the work, 

175. The directions of the water commissioner 
as to the disposition of building materials and loca- 
tion of sheds, tempor.iry buildings, etc., must be 
strictly observed. 

BiuninmiioD 1 76. Whenever required by the water coni- 

*""''" missioner, the contractor shall furnish all f.-icililles 
and labor to make an examination of any work, com- 
plete or in progress, under this contract. If the 
work so examined is found defective in any respect, 
or not in accordance with this contract and specifica- 
tions, the contractor shall bear all expenses ol such 
examination and of satisfactory rcconatruction. If 
the work so examined is found to be in accordance 
with the contract and specifications, the expense of 
the examination and reconstruction will be estimated 
to contractor at a fair price, to be determined by tlic 
water commissioner. M. L. H. 

171. General Specifications for Highway Bridges 
and Viaducts of Iron and Steel. The following general 
specifications for highway bridge work have been prepared bv 
Mr. G. Bouscaren, M. Am. Soc. C. E., who has had 
large experience in structural designing of a superior gri 
railway and highway bridge work. These specification) 
revised and reissued in 1890. 

Genera! Clauses. 
pi«inASire» I, Structures shall be built in accordance 

ral plans exhibited or furnished by th' 



a very 



slans lire also fur- 
nished by the engineer, bidders must submit wflli 
their proposals, complete stress sheets for the stract 
and detail plans showing the form and coane^" 
of each typical member. 
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3. The stress sheets must show for each mem- 
ber the total maximiim stress or stresses caused by 
the dead load, the live load, the wind, and the effect 
o£ temperature, separately, and the dimensioos and 
area of cross section; also the dead weight assumed 
in the calculation which must not he less than the 
actual weight of the structure as built. 

4. Complete detail drawings must be submit- 
ted for approval of the engineer, and work shall not 
be commenced until the stresses and details relating 
thereto have been approved. 

5. A copy of every approved stress-sheet and 
drawing shall be furnished without charge to the 
engineer within ten days alter its approval. 

6. AH parts of the structure, excepting the M»itrii 
floor limbers hereinafter specified under the head of 
"Root," shall be of iron or steel or both combined, 

as may he approved by the engineer. The kind of 
metal to be used for each member, or class of mem- 
bers, must be noted or the stress-sheet. Cast iron 
may be used in minor details at the discretion of the 
engineer. 

7. Through bridges shall be built of t^vo trusses, ^'"„"^', 
unless otherwise specified, and shall have a clearance ProTi.ii 
above Soor of not less than fourteen feet, measuring 
from top of floor to ihe lowest point of portals. The 
depth from center to center of chorda of trusses shall 

not generally be less than one-eighth of the spun. 
The depth of plate girders shall not generally be 
less than one twelfth of sp^in. The length of span 
used in calculation of stresses shall be the distance 
from center to center of end pins for trusses, and the 
distance from center to center of bearings for plate 
or lattice girders. 

S, Through spans shall be designed, when 
practicable, with inclined end posts. 

g. Iron trestles and piers shall have, when prac- 
ticable, a width of base sufficient to give a moment 
of stability on the masonry, exclusive of Ihe anchor- 
age, greater than the overturning moment of the 
wind. 

10. Provision must be made in all structures 
for the free expansion and contraction of all parts, 
corresponding to a variation of 150 degrees Fahren- 
heit in temperature. 

Loads. 

All parts of structures shall be proportioned to 
sustain the stresses produced: 
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pla„, 
Ely:— 



II. ist. By the weight of die structure il»lf, 
considered integrally and separately for each partic- 

■ 2. 2d. By the live load I. U or III, ss speci- 
fied for each particular cose on the general pi; 
coDsidered in positions and conditions, namely 
continuous or discontinuous, standing or r 
giving the greatest results. - 

15. 3d. By the specified wind pressure, 
the greatest results. 

14. 4th. By the effects of a variation of 
periitiire of 150 degrees Fahrenheit. 

15. The bending effect produced on every; 
vidua! member by the side pressure of the v/'m' 
the weight of the member itself shall be consider' 

16. In determining the lolal weight of llii 
structure for the purpose of calculating; stresses, the 
weight of the u-on shall be assumed at the rate of '," 
pounds per lineal foot of bar of one square inch ares. 
The weight of the steel at the same rate as for iron, 
with two per cent, added. The weight of the timber 
shall be assumed at the rates of five pounds per fool, 
board measure, for creosoted limber, four pounds for 
oak and yellow pine, and three pounds for while 
pine. 

t^. The live load shall consist of either class I. 
II, 111 or any other load designated by the engineer 
for each structure. 

Load I shall consist of one hundred pounds per 
square foot of floor, and two concentrated weights of 
10,000 pounds e:ich, six feet apart at right angles 
with the direction of the bridge. 

Load II shall consist of eighty pounds per square 
foot of floor, and two concentrated weights of 7,500 
pounds each, six feet apart at right angles with the 
direction of the bridge. 

Load III shall consist of sixty pounds per square 
fool of floor, and two concentrated weights of ^,000 
pounds each, six feet apart at right nngles with the 
direction of the bridge. 

iS. The live load per square foot shall be 
applied lo the width in clear, specified for the wagon 
way, and to the width in clear, specified for the side 
walks. The distribution oE the uniform load shall 
be considered continuous or discontinuous, inch u 
ive the largest ri'sult. The concentrated load* 



may giv 

shall also be taken : 

result in conji 






I giving 



lith the uniform load. 



the lara 
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To provide for the effect of impact and vibra- 
tion, additions to tbc stresses produced by tiie iibove 
specified live load shall be made as follows: 

19. Riveted coiineclions of stringers and floor 
beams, and hangers two feet long or less — 50 per 
cent- 

30, Hangers and suspenders over two feet long 
25(1-1 — J-) per cent., where /—length of banger or 
suspender. 

2E. Floor beams, stringers and other plate 

girders, 35(1 —') per cent,, where <^^=one half 

length of girder. 

aa. Web members of trusses, and trestle posts 
25(1 =— ) per cent., where i^^distance of mem- 
bers from center of trusses, 

23. Chords of trusses 25(1 — ) per cent., 

where rf=one half length of span. 

' No addition shall be made where ei in above 

formula exceeds 125. 

Wind stresses shall be calculated : \v 

2-]. ist. For a wind pressure of thirty pounds 
per square foot on the exposed surfaces ot floor, of 
both trusses and railings, and on a moving load sur- 
face of six square feet per lineal foot of bridge. 

25. 3d. For a wind pressure of fifty pounds 
per square foot on the exposed surfaces of floor and 
of both trusses and railings, the direction of wind 
giving the largest surface being assumed in the cal- 
culation and the greatest results shall be taken iu the 
proportioning of parts. 

26. Coefficients of fric- 
tion shall be assumed as fol- 
Iov,-s: 



a ot eteel 



For plane surfaces oC Iron or steel.. 



Description and Dimensions of Parts. 

AU parts of structures shall be so proportioned, l'™^^'|^' ^^ 
lit die combined effect of temperature and of all squs^Yoch. 
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r=L««.3t rndiiis at gyration of cross seotion. 
b=^ Breadth of top flange of girder in iocbea. 

I 38. In tension 14,000 'pounds. 

In compression for lengths "' '*' 

less than fifty times ihe 
leUst radius of gyration 12,000 " 
In shcnring ...,', 10,000 " 
In bending on pins closely 

pncked .... 2z,ooo ■' 
On bearing surfaces . . 18,000 " 

^ _ For compression steel members whose 
»^hs exceed fifty times the least radius of pyration, 
the strc-is persquare Inch shall be determined by the 
sjme formuliB as prescribed for iron members, but a 
sufficient number of tests shall be made on full size 
members to determine the value of the constants in 
liie formuliG, with a factor of safety of 4. 
I 44. On estreme fibers in bend- Jo't*" 

^^^H ing, tension and compres- low pme). 

^^^B sion t,;oopovmds. 

^^^045- On bearing surfaces traiis- 

^^^^f versely to fibers . 400 

1 46. Members subjected to alternate tensile and "^siVeett 

compressive stresses shall be designed and propor- 
, tioned to resist both. 

The moduli of allowable stress per square 
|k of such members, shall be : 



/' 



1*7- In I Uiid shapes io,oooC I— i!.) 



bars . 12,000(1 — H'-) 
^ For plates 
tension ' 

[Porateel , . . 14,000(1—1^1.) 
In compression for 
lengths less than fifty 
times the least radius 

rForiroti ^.000(1— }4p 
of gyration . J 

(.Forsleel i2,ooo( 1— J^£) 

When s and S irc Fcspecijiciv the smulleil ind laigeit 
muirauBniiMSf* rtgudlti. ol«gn. 

For compression members, whose lengths 
fifty times the least radius of gyration, the 
'^J6n«tant in tlie numerators of the formultB, used to 
dcletmine the moduli, shall be: 

For iron y,ooo(i— >5|) 

For steel P (i_j^^) 
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50. Ill shearing of riveted connections: 

For iron 9.00a (-1^) 

For stet-l 10,000 (l— 1) 

51. An addition of twenty-five per cent, to all 
specified limits of stress per square inch, shall be 
allowed for wind stresses. These limits shall apply 
wherever the wind stresses are added to the stressc! 
due to other loads. 

52. Independently ot the wind stresses, lateral 
Btruts shall be proportioned to resist the resullant of 
an initial stress of 10,000 pounds per square inch on 
all rods attached to tjiem. No lateral or sway rodj 
shall be less than one inch diameter. 

53. The eye and threaded parts of all bars unci 
rods must not be less in strength than the body of llie 
bar. The shape, size and mode of manufacture of 
the heads of eye-bara shall be subject to the approval 
of the engineer. Welding the bead to the body oi 
the bar will not be allowed. 

54. In upset-rods, the area of section at base 
of thread shall exceed sectional area of rod by nui 
less than seventeen per cent, 

55. Long tension members shall be supporini 
at suitable intervals, to avoid rattling and undue strtu 
by bending. 

1 56. When practicable, compression membeM 
in trusses shall be designed with pin bearings. Lon^ 
compression members, supported at intervals by !ai- 
era! bracings, such as top chords of trusses «nJ 
trestle posts, shall be considered and chIcuUk*) 
as columns with pin beatings. 

57. The thickness of metal in compression 
where the stress per square inch is 9,000 pounds 
shall not be less than one sixteeuth(^) of the dis- 
tance between supports in line of stress, and one 
thirtieth (t^) o£ distance between supports at riglit 
angles to line of stress, nor less than one eighthCl) 
of distance from edge of plate or tlunge to line iif 
support. When the stress per square inch is le^* 
than 9,000 pounds, the limits aforesaid can be in- 
creased proportionately, but the thickness of mflUl 
shall in no case be less than one quartcr(<^) tndl 
when both faces are accessible for painting 
sixteenths {-^) inch when one fnceonlv is 
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5S. The rntio of length to diameter shall not 
exceed fitly. 

59. In built posis and struts, ihe aegments 
shailnll be of one length witlioiit break, and shall 
be rigidly riveted together to act colleclively as one 
solid body. 

60. The ecclionni area qj rivets in one seg- 
ment in a distance from ihe end as short as the spec- 
ified minimum spacing of rivets will allow, shall be 
sufGcient to resist the entire stress on that segment. 

61. In lattice work, the distance between riv- 
ets shall not be more thnn length of segment of equal 
itrenglh per square inch as the column itself. The 
sizes iind sliffness of the lattice bars shall be propor- 
tioned to Ihe weight and spacing of the segments 
joined by ihem, so as to resist bending from rough 
handling of Ihe finished member, and all stresses 



city of the 
1 the inclination or curv- 



upon 



that they may be subjei 
line of pressure, and t 
ature of the segments. 

62. Pins *hftll be proportioned to 1 
bending as well as Ihe shearing forces acting u 
them. The limits o£ stress specified for shearing 
and for the pressure on bearing surface of holes, 
shall determine the number and size of rivets. The 
sectional area of rivets before driving shall be taken 
for the effective shearuig iirea. The allowable stress 
per square inch on hand driven field rivets shall be 
only three fourths of the specified limits for shearing. 

63. Shall be so proportioned that the top and ' 
l>oltom flanges will resislthe bending moments with- 
out considering the web, and the web will lesist the 
bhcariog forces without considering the flanges. 

64. The thickness of web of girders shall not 
be less than one fourth inch. When shearing stress 



on same exceeds 



(Where t^ thickness of 



web, and d=verticoi depth between flanges), stiff- 
eners roust be piovided at intervals not greater than 
depth of girder, Stiffeners of sufficient strength to 
resist Ihc shear shall be provided at the ends and at 
all points of concentrated load. Webs of plate- 
gtrders shall be spliced with a plate on each side. 
The (op and bottom flanges of plate girders shall 
have the same gross area. When flauge plates are 
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used, the Hange angles must be as large and heitVT 
as practicable. 
'• 65. Of all members shall be bo designed, lliat 

the stress on each member can be correctly c alculaleil. 
The lines of stress shall coincide with the lines ol 
center of gravity of members, and intersect at llie 
Joint point. The strength of all connections shall \k 
at least equal to that of the member or memben 
which they are designed to connect. This shall be 
demonstrated by testing, if required by tlie engineer. 

66. Bed-plates and bearing plates shall be 
- truly planed on nil sliding and rolling surfaces, and 

shall be so proportioned that the maximum pressure 
per square fool on masonry will not exceed 30.000 
pounds. They shall be securely anchored against 
upward and sideway motion. 

67. The rollers shall be of stoel, and not less 
than two inches in diameter; they shall be truly 
dressed to a smooth finish. The pressure in poandl 
per lineal inch on friction rollers shall not exceed 
700 i^i, (d) being the diameter of rollers in inlaws. 
The rollers and rolling surfaces of bed*plates shall 
be protected by approved wrought iron casings to 
keep out foreign matter. 

When practic.ible, adjacent ends of conse calitt' i 
spans shall have a common bed-plate. 



Workmanship a 



id Details of Constru^iA 
ihip shall be first-clq 



6S. All workm 
every particular, 

69. As far as practicable, all parts 
accessible for inspection and painting. 

70. All members shall be free from 
twists and bends. 

71. All parts working together as 1 
of the truss, shall be uniformly stressed. 

72. Tensile stress shall be avoided in aj 
verse direction, and shearing stress in il di^ 
parallel to the fibers 0' ' 

73. Shall be bored, not punched, exactly p 
pendicular to the center lines of stress, and not more 
than one fiftieth (3)^) inch larger than the diameter 
of the pin. 

74. Shall be straightened before boring. Ef^rs 
working together shall be bored in one opi-ratioD, 
piled and clamped together, and 
peralure. The eye shall be in 1 
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^^d and c 



, tlie 



of the b;ii 



A dis< 



liscrcp- 

Dcy in length from center to center of eye, exceed- 
ing aTfJ^T'''"'^^c"gt^ of *^^ bar will^oIbenllowed■ 
75. All forging shall be done at the tempera- ' 
ture best suited to the kind and quality of the metal. 
No work shall be done on iron or steel at a block 
beat. 

76. Steel eye bars, upset rods, and all pieces j 
of steel which have been partly heated, or bent cold, 
must be properly annealed. 

77. -Shall be turned Iriie to size, and straight, i 
They Khali be turned down to n smaller diameter at 
the ends for the thread aud driven in place with a 
pilot-nut, when necessary to save the thread. There 
shall be a washer under each nut. 

7S. No discrepancy in length of pins through 
ihe bearing parts will be allowed, 

79. The several nicmbera attached to the same 
pin shall be so arranged as lo produce the least 
beqding moment on the pin ; they shall be held and 
closely packed in position by filling rings between 
tbem. Fillers shall be of wrought iron. 

So. Abutting ends shall be planed or turned, J 
iti a plane perpendicular to the line of stress. They 
sliall be in contact throughout, and held in position 
by suitable splices. 

Si. All segmental joints in riveted work shall 1 
be square and truly dressed, and in contact through- 
out. They shall be fully spliced, no reliance bein* 
placed upon the contact of abutting parts. Sheared 
edges of sleel plates shall have not less than one 
(juarter inch of metal removed by planing. 

S3. In the effective area of riveted members, 
pin, bolt and rivet holes shall be counled out for 
tension ; bolt and pin boles shall be counted out for 
compression. Kivet holes shall be assumed to be 
One eighth inch larger than diameter of rivets. 

S3. No tensile stress shall be allowed on rivets. 
Rivets sball be used in preference to bolts for all 
rigid connections to resist shearing. Where bolts 
must be used In place of rivets, they shall be in 
double shear; the holes shall be drilled or reamed 
■nd the bolts shall be turned to tit tightly in their 
lioles. 

IJ4. Rivet boles shall be accurately spaced and 
iltall be drilled or reamed lo fit exactly opposite lo 
other without drifting. The space between the 
t a piece and the edge of rivet holes shall be 



ooMPizTx sFBoxncuian. 





Htcb tbai the iron nifl Mxt «yaci txtf ^gSt 
inj;. Il kfaxU not be Ie«« ihao ooe snd a t 
ten of rivet. Tbe pitiii trf nnts ahsD i 
ibsa three diaioelen erf ri«et aor MC ft 
time* tbe Ibidcaaa of plate. 

55. Rivet boles « s u xj . if p t m cbrA. db«Il Ik 
reamed not leM than one eighth iaih Iw^li Aaa the 
die Mde* of the paacfaed boles, aad tbe liaxp «^ 
of bole* under tbe riret beads AmU be tnotoaed. 

56. ^Vhen practicable all rrvcti^ shaD be d 
by a roacbine capable of boldiDg oa IB ttc a 
tbe up»ctting i> complete. 

87, Riveta when ^rrren, ahafl « 
(be bolo. 

S8. Rivet bead* ^all be foil uze. weQl 
and concentric to the holcv- 

89. No looM rivets will be alloweiL 

90. All rivet boles for field riveting 1 
reamed in place, 

'- 91. All members reqoiring adjostmcnlal 

be provided with adjuKting screw-tbrieads, 1 
check-nuts convenient of access. Where sle« 
are used, they must be open so that tbe tbre«M 
lengths of rods engaged at each end can be verified. 

i 92. When practicable, counter rods will bt 

dispcnseil wilb, by designing all web menibets u 
resist counter, as well as direct stress. PtelcreiKi 
will be given to a system of lateral bracing designH 
to rchist compression as well as tension. 

93. The end posts shall be rigidly connedtJ 
by riveted portals of approved design, as deep ** 
the specified clearance above the floor uill allow. 

94. Shall be provided between posts nl t»&- 
panel in deck bridges, and in through Bridges when 
practicable. This bracing shall be proportioned lo 
resist ibe unequal loading of trusses, the effect of ll>c 
wind on the moving load being taken into consider- 
ation. 

95. The top chord of through girders or puny- 
trusses shall be rigidly brnced sideways nt the cnJ* 
and at suitable intermediate points. 

06. Washers and nuts shall have a nnifortn 
. bearing. All nuts shall be easily accessible with* 
wrench for the purpose of adjustment, and shall he 
effectively checked after the final adjuslmcnt. No 
round headed bolts will be allowed. All bolb 
through wood must be provided with wrought iron 
Wiishers under he.id and nut: the use of more liun 
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■■ wnshor under the licad oi- nut to make up for 
dcllcicncj- in length of thread, will not be allowed. 

97. .The pl.TU of door shall be of the kind A Floor 
or B, or any other description specitied for each par- 
ticular case by tho engineer, 

9S. The stringers shall be of iron or steel, ^loor 
spaced not more than 3 feet 6 inches from center to 
center under the wagon-ways and capped with nail- 
ing pieces g inches thick of creosotcJ wood. The 
flooring of the wagon-ways shall be made of two 
thicknesBes of plunk, 3 inches thick each for "load 
I," 3>3 inches thick each for "load II,"' and 3 
inches thick each for "load III," the under flooring 
sliail be crcosoCed, .ind the top flooring of white oak 
fhnll be laid transversely, breaking joints with the 
under flooring. The top flooring pieces shall not 
exceed 8 inches in width. The sidewalk floors 
shall consist of 2x6 inch planks nailed on crcosoted 
joists laid transversely on the iron or steel stringers 
and spaced not more than 2 feet from centers. The 
joists shall be fastened to the stringers so as to allow 
(or the longitudinal motion of expansion and con- 
traction. The under flooring of wagon-way shall be 
fastened to the nailing pieces with wrought 
spikcB yjc^V inches for load I, 6x^ inch spikes for 
load II. and 5x1-^ inch spikes for load III; the top 
flooring shall be fastened with 60 penny nails of 
ine best quality tor load I, 40 penny for load II, and 
30 penny for load III. The flooring of the side- 
walks shall be fastened with 30 penny nails of the 
best quality. 

99- The joints shall be of creosoted wood, not '''"" 
less than 3 inches thick, laid longitudinally with the 
line of the bridge for the wagon-way and sidewalks, 
and supported by the floorbeams. The flooring 
shall be made as for Phin "A" and fastened In the 
same manner, but the flooring of the sidewalk shall 
be laid transversely with the line of the bridge. 

100. The joists of consecutive panels shall lap 
by each other on the floorbeams ; they shall be bolted 
to the floorbeams so as to allow for the motion of 
cxp.insion and contraction, and shall be fastened to 
Ci.ch Other by two five-eights (fi) inch bolts or lag- 
s.tcws; tbey shall be braced between floorbeams by 
ro.vs of bridging spaced not more than 6 feel apart. 

lor. Guard-timbers not less than 8xS Inches shall e1^. 
hu securely bolted to the floor on each side of the 
w igon-way, to give a clearance of 24 inches between 
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ihe inside (aces of the guard and the inside faces of 
the widest part of the truss for tlu'ough bridges, umi 
the inside lines of sidewalks for deck budges ami 
viaducts. 

loz. All floor timbers, guards and railings 
shall extend over all piers and abutmenls, and mnkc 
Guiiable connection with the embankments at theendi 
of the structure. Cast iron aprons or cover-joint* 
sliiill be provided at the free ends of spans if required. 

103. Stresses due to the friction of the fiooroa 
the stringers and floorbeams, shall be considered iwl 
treated the same as stresses due to regular load. 

104. Should one or more street railroad traekt 
be required on the bridge, the contractor shall fiir- 
niah all necessary material for the same, and lay (be 
track conformably to the instructions of die en^neei- 
The tread of the rails must not deviate more than sn 
inches from the center line of the stringers. 

105. The floor of the sidewalks ^h.^ll exKiiii 
to and connect with the floor of the wagon-wflv ^') 
as to leave no open space between thcin. Openings 
shall be left at suitable intervals in the Roor, it 
required by the engineer, to dispose of the sweep- 
ings on the bridge and of the drainage. 

106. All framing shall be done to a close 6I1 
and in a thorough and workmanlike manner. No 
open joints or filling shims will be allowed. AH 
under and top flooring must be passed through llie 
planer so as to secure a uniform thickness. 

107. Substantial iron railings of approvcJ 
design, not [ess than four feet high, shall be provided 
for the outward lines of sidewalks. The railing' 
shall be supported directly by the floorbcamt and 
braced laterally with outside slays riveted thewto. 
Intermediate stays fastened to the stringers shall be 
provided at intervals not rtiore than ten feet. Tlie 
top flange of railings shall be proportioned lo r«ift 
a transverse horizontal thrust of not less than one 
hundred pounds per lineal foot. 

loS. The camber measured on the center line 
of the pins of chords shall not be less than out 
twelve hundredth (tAs) **^ '''^ span. The eamitf 
line shall not deviate from an arc of a circle, more 
than one quarter (J.J^) of an inch at any place. 

109. All bridges and viaducts shall bet pffi- 
ciently iinchored to the masonry, to 
ment by the strongest wind specified, 



\ality of Material. 
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iilt piers and trestles sliall, when practicable, be 
EufTicient to svoid tension under the most unfavora- 
ble circurDstanccs of load and wind, but sufficient 
anchorage shall, nevertheless, be provided to resist 
not les« than one half (%) of the overturning 
moment of the wind. 

iio. All the necessary drilling and dressing 
of masonry Bhall be done, and all ihe necessary f.ist> 
coings and anchorage provided and put in by the 
— . — .Q^ without extra allowance. 

. Shall be double rolled, tough, dticlile, ^^ 
in quality, and shall have a limit of elastic- 
>t less than a6,ooo pounds per square inch. 
I When tested in specimens of uniform sectional 

< area of at least one half (^) square inch, cut out of 
the full eize tinisbed piece, it sball stand without 
breaking, the following tensile stresses and elonga- 
; tions in the distance of 12 diameters. 
III. For barT 
iron 4 sq. in. and y^z, 000 pounds persquare inch ; 
leas in sect'al area, ] elongation, so per cent, 

113. For bars over 4 square inches in area, a 
reduction will be allowed in the strenp^h per square 
inch and elongation of specimen of 500 pounds and 
one half per cent, respectively for every additional 
squall inch of area of the bar, down to the limits of 
48,000 pounds per square inch, und 16 percent, 
elongation. 

114. For ain 
shapes and plates t-50,000 pounds per square inch ; 
24 in. wide and less,! elongation, 15 per cent. 



I^. For plates I 



over 24 inches 1-48,000 pounds per square inch; 

wide, J elongation, 10 per cent. 

ti6. The ultimate strength of full size tension 
bars shall not be less than 45,000 pounds per square 
(Dcb, witli elongation not less than 10 per cent, in 
ten feel, measured on any part of the bar. Their 
clastic limit shall not be less than 25,00a pounds 



Spec I 



: inch, 

imens as above shall bend cold without 



iign 



For bar iron, 180 d 
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iiS. For shapes and plates, 90 degrees aroiind 
a circle whose diameter is equal to twice the thick- 
ness of the specimen. 

1 19. Full size pieces shall bend cold ^ 
degrees without sign of fracture around a circle 
whose radius is equal to the thickness of the piece. 
For bars, angles, shnpes and plates 24 inches wide 
and less, the radius shall be equal to twice the thick- 
ness, and for plates more than 24 inches wide to 
four times the thickness. Full size rivet iron shall 
bend cold and set flat on itself iSo degrees without 
sign of fracture on the convex side. 

120. Iron plates rolled in a universal mill shall 
be used in preference to others, when practicable. 

121. Shall be tough, ductile, uniform in qual- 
ity and incapable of tempering; it shall not contain 
more than one lentli {'^) of one per cent, of phos- 
phorus. 

132. Test pieces three fourths (J^) inch in 
diameter, cut out of the 6nishcd pieces, shall stand 
without breaking, a tensile stress not less than 
64,000 pounds and not more than 70,000 pounds per 
square inch, with an elongation not less than twenty 
per cent, in a length of i3 diameters. The same 
allowance as for iron specimens shall be ma(k in tlie 
strenglh and elongation of the specimens according 
to the sizes of the bars from which they are cut, 
down to the limit of 60,000 pounds and 16 per cent. 
They shall bend cold and set flat on themselves 
without sign of fracture. Heated uniformly at a 
low cherry red and cooled in water at Sz degrees 
Fahrenheit, they shall bend around a circle one and 
one half (1^) inches in diameter, iSa degrees, 
without fracture. 

123. Full size pieces shall bend cold 90 
degrees without sign of fracture, around a circle 
whose radius is equal to the thickness of the pieces, 
and shall have an ultimate strength of not less than 
56,000 pounds per square inch, with elongation not 
less than ten per cent, in ten feet measured on any 
part of the bar; their elastic limit shall not be less 
than 33,000 pounds per square inch. 

124. Steel for rivets shall have in test pieces 
an ultimate strength of from 56,000 to 62,000 pounds 
per square inch, with 25 per cent, elongation; it 
shall stand the quenching test at a light yellow heat. 
Full size rivet bars shall bend cold and 
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135. All fiteel plates must be rolled in a uni- 
versal raili. 

ia6. Shall be of the best quality of tough gray c^n 
metal. A cast bar five feet long, one inch square, 
four (eel six inches between supports, shall bear, 
without breaking, a weight of 550 pounds suspended 
St the center. 

127. Castings shalt be smooth, welt-shaped, ^'"^ 
tree from air-holes, cold shorts, cracks, cinders and 
Other imperfections. All finished pieces of iron and 
steel shall be smooth, free from injurious scama or 
flaws, bliEters, buckles, cinder spots and imperfect 
edges. Hammering and heating for the purpose of 
straightening will not be allowed. 

138. The timber shall be of the sound heart Tiffli 
wood of long-leaf yellow pine or white oak. It shall 
be sawed true and out of wind, full size, free from 
wind shakes, large or loose knots, decay, brash or 
sap-wood, worm holes, or any defect impairing its 
strength or durability, 

1 2p. All timber shall be inspecti^d and 
accepted by an authorized inspector before being 

130. Shall be prepared in the following man- '-.^r." 
tier unless otherwise specified. 

ist. By a thorough seasoning of the wood at a 
temperature not to exceed ago degrees Fahrenheit 
in a vacuum of twenty-four inches of mercury, n 
BufUcicnt length of time being used in this operation 
to avoid the cracking or splitting of the timber. 

By the injection into the wood under a 



pressure of not less than 



150 pounds per 



squai 



mch, of not less than ten pounds of heavy creosote 
oil to each cubic foot of timber. 

All framing and trimming shall be done before 
injection. 

131. The creosote oil used shall generally be Qj^^ 
wild at B temperature of 50 degrees Fahrenheit, and 
entirely liquid at a temperature of 100 degrees Fah- 
renbeit. It shall contain not less than five per cent. 
of tar adds. It shall contain not less than twenty- 
five per cent, of constituents that do not distill over 
at a tcmpemtui'e of 600 degrees Fahrenheit. It shall 
he tree from water, ammonia, naphtha, and other 
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impurities, and shall be subject to tiie ncccptnnce of 
the engineer. 

Inspeclion and Tests. 

133. An expert inspector appointed by the 
engineer will inspect the materia!, supervise the 
work at the shops, the work of erection and all tests 
to be made. All tinished parts of the structure 
shall be inspected and weighed by him before ship- 
ment. 

133. All facilities fiir inspection, testing, and 
weighing, shall be furnished by the contractor free 
of charge. 

The following tests shall be made by the 
iiispeclor at the expense of the contractor: 

134. ist. For every lot of 50,000 pounds or 
less of the same kind (iron or steel) and thi 
class (bars, angles, plates or other shapes) of matc^ 

Three specimen tensile tests. 
Three specimen bending tests. 
One full size bending test. 

One specimen quenching test, if the material be 
of steel. 

135. 3d, All additional tests required to dup- 
licate any of the above, by reason of faulty material 
or manipulation in the first tests. 

136. All other tests required by the engineer, 
shall be made by the inspector, and paid for at cost, 
less the scrap v.^lue of tlie material, if the test proves 
satisfactory. If the test is not satisfactory, the con- 
tractor shall receive no compensation. 

137. Failure to stand the foregoing tests, or » 
discrepancy in weigl^t of materials of more than z)^ 
per cent, shall be a sufficient cause for rejection. 

13S. The acceptance of any materia! or fin- 
ished member by the inspector, shall not prevent the 
subsequent rejection of the same if found defective 
after delivery, and the contractor shall replace the 
rejected material or member without extra compen- 

139. Before the linal estimate is paid, a 
thorough test of the structure shall be made by the 
engineer, by loading each span with the nearest 
equivalent load oblainable to that described under 
ihe head of ''loads," distributed and moving in such 
a way as the engineer may see fit. The load will 
be allowed to remain on the structure any length of 



N 
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lime deemed necessary by the engineer. Each span 
shall not deflect under such a load more than one 
eighteen hundredth (-iVcrs) '^^ '^^ length, and shall 
return to its original camber, when the load ia 
removed. There shall be no permanent changes in 
the position or condition of any part of the structure 
as a result of the test. 

raiiii. 

140. All iron and steel before leaving the shop 
shall have all loose scales scraped off, and shall be 
thoroughly coated with boiled linseed oil. All 
planed or turned surfaces shall be coated with white 
lead mixed vkrith tallow. 

141. All inaccessible surfaces shall be painted 
before being put together with two coats of red lead 
or other metallic paint, approved by the engineer. 
After erection, the entire structure, excluding tim- 
bers, shall be painted with two coats of the same 

143. No painting shall be done in wet or freez- 
ing weather. 

143. All depressions ii 
where water is liable to collei 
suitable drain holes or filled 
proof mastic. 

Tf 



be erected structure 
shall be drained by 
ith approved water- 



•nd River Navigation. 

144. Thecontractor shall conduct all his oper- 
ations so as not 10 impede travel on the road or 
street for which the bridge is designed, nor travel 
find operation of trains on any road, street or rail- 
road, crossing under or above the bridge. 

145. When rivers are navigable, they shall at 
all times during the construction and erection of 
the slniclure be kept open for navigation. 

146. All staging, coffer-dams, and other tem- 
porary structures used in the construction of the 
bridge, as also the old bridge, if any exists, shall be 
removed by the contractor. 

Risks. 

The contractors shall assume all risks from 
floods and storms, damage to persons and properties, 
and casaalties of every description, and shall furnish 
alt materials, tools, machinery and labor incidental 
to, or in any way connected with the manufacture, 
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trtinsportati on, erection, and maintenance of the 
structure until its fiaal acceptance, without addi- 
tional compensation. 

Additional Clauses. 



G. B. 

172. Advertisement, Instructions, Specifications 
and Proposals for Improving St. Mary's Falls Canal. 
The following complete set of papers illustrate the practice of 
the U. S, Engr. Corps, and also describe one of the finest 
pieces of masonry construction in this country. The work was 
done under Col. O. M. Poe, of the U. S. Engr. Corps, with 
Mr. E. S. Wheeler, M. Am. Soc. C. E., as Chief U. S. Asst. 
Engr. The lock gates, buildings, and operating machinery 
were no part of this contract. 



PROPOSAL OF 



Opened Jauitary J-j, J8gi, 

Fon Furnishing All Materials, Etc., and Building th 
Masonry of a Lock 

At St. Mary's Faixs Canai., Mic&ioA}r. 

' Under Acts of Coogreaa of August 11, 1888, iiail September IB, 

Extract From Act of Congress, 

Approved Sept. IQ, j8go. 

Improving St. Mary's River at the Falls, Michigan : Con- 
tinuing improvement on new locks and approaches, nine hun- 
dred thousand dollars: Provided, That such contracts as may 
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be desirable may be entered into by the Secretary of War 
materials and labor for the entire striictui'e and approacl 
or any part of the same, to be paid for as appropriations may 
from time to time be made by law. 

ADVERTISEMENT. 



UNITED STATES BKGINEER OFFICE, 

3* West Congreas SCTaet, ^ 

Detroit. Mich., NoTembsr 28, 1890. J 

Sealed proposals, in triplicate, for furnishing all materials 
and labor and building the Masonry of a Lock at St. Mary's 
Falls Canal, Michigan, will be received at this office until 2 
o'clock, p. IT., January 27, 1891, and then publicly opened. 

Preference will be given to materials oi domestic produc- 
tion or manufacture, conditions of quality and price (import 
duties included) being equal. 

Attention is invited to Acts of Congress, approved Feb- 
ruary 26, 1SS5, and February 33, 1SS7, Vol. 33, page 332, .and 
Vol. 24, page 414, Statutes at Large. 

The GoveVnment rcsei'ves the right to reject any or all 
proposals; also, to award the contract upon other considera- 
tiotis than the price. 

For further information apply at this office or to the U. S. 
Eogineer Office, Sault Ste. Marie'. Michigan. 

O. M. PoE, Col. Corps of Engineers, 

Bvt. Brig. General, U. S. A. 

General Insthuctions For Bidders. 

I. All bids must be made in triplicate, upon printed 
forms to be obtained at this ofEce. 

3. The guaranty attached to each proposal must be 
signed bv two responsible guarantors, to be cenitled as good 
and sufficient guarantors by a United States District Attorney, 
Collector of Customs, or any other officer under the United 
States Government, or responsible person kuown to this office. 

3. When a firm bids, the individual names of the mem- 
bers should be written out, and should be signed in full, giving 
the Christian names; but the signers may, if they choose, 
describe themselves in addition as doing business under a given 
name and style as a firm. 

4. Anyone signing a proposal as the agent of another, or 
of others, must file with it legal evidence of his authority to 
do so. 

5. All signatures must have affixed to them seals of wax 
or wafer. 



4 



I 



COMPLETE SPECIFICATIONS. 



ritory, must be ^vcn 
'n full, 
'cll as expressed in 
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6. The place of residence of every bidder, with postoffict 
address, county and stale, dislrict 
after his signature, which must he written 

7, All prices must be written, 
figures, 

S. Alterations by erasures or interlineations should be 
explained or noted in the proposal over the signature of Hie 
bidder. 

9. A firm will not be accepted as a surety, nor will a 
partner be accepted as a surety for a co-partner, or for a finii 
of which he is a member. 

10. An officer of a corporation will not be accepted as 
surety for such corporation. 

11. A contract will not be awarded to a corporation until 
it shall have furnished satisfactory evidence of its legal capacity 
to enter into the same. 

iz. The bidder must satisfy the United States of his 
ability to do the work for which he bids. 

13. Reasonable grounds for supposing that any bidder is 
interested in more than one bid for the same item will cause 
the rejection of all bids in which he is interested. 

14. The United States reserves the right to reject any or 
all bids, and to waive any informality in the bids received; 
also to disregard the bid of any failing contractor known as 
such to the Engineer Department. 

15. Contingent upon such appropriations as may from 
time to time be made by law, payments will be made upon 
monthly estimates, but ten ( 10) per cent, will be reserved from 
each payment until the completion of the contract. 

16. The contract, which the bidders and sureties promise 
to enter into, shall be in its general provisions in the form 
adopted and in use by the Engineer Department, blank forms 
of which can be inspected at this office, and will be furnished, 
if desired, to parties proposing to put in bids. Parties making 
bids are to be understood as accepting the terms and conditions 
contained in such form of contract. 

17. The bond required under the contract will not be 
greater than one fourth nor less than one fifth the estimated 
amount of the contract. 

iS. Transfers of contracts, or of interests in contracts, 
are prohibited by law, 

19. In the form for proposal, the materials to be furnished 
and the work to be done are itemized for the purpose of com- 
paring the bids, and as a basis for the monthly estimates ; but 
if the contract be awarded it will be as a whole. 

20. Any bid in which the prices stated for the several 
items seem to be "unbalanced" n 
alone. 
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31. The chaiacter of the materials proposed will be con- 
sidered, xnd if it be deemed to Ihe interest of the United States, 
for this or any other reason, to accept any proposal other than 
the lowest in price, the right to do so is expressly reserved. 

IJ. No adviiiitage shall be taken of any error or omission 
in tbe following specitications, as full information will be given 
upon application. 

23. Envelopes containing proposals must be endorsed, 
"Proposals for Lock at St. Mary's Canal, Michigan," and 
addressed to Colonel O. M. Pok. Corps of Engineers, Detroit, 
Mich. 

SPECIPICATIONS FOU CONSTRUCTING THE MASONRY OF A LOCK 

IN THE ST. Mary's falls canal, Michigan. 

I,— Description. 

t. The work required by these specifications is the build- 
ing of the main walls, miter walls, and stairways of the 800 
foot Lock at Sauit Ste. Marie, Michigan, and the furnishing of 
all material, labor and appliances needed for this purpose. 

2. The general chnracter of tlie proposed work is similnr 
to that of the lock now in use, which will be called the lock of 
18S1 in these specifications; and the general outline of the 
work wilt be as shown in the drawings to be seen at the U. S. 
engineer office, 34 West Congress street, Detroit, Mich. The 
location of the work and of' all parts of It will be made under 
the direction of the U. S. agent in charge, who will also furnish 
the contractor with delailed drawings of the various parts of 
the work as they become necessary for the construction. 

3. The United States will be responsible for the mainte- 
nance of the coffer-dam that surrounds the site of the lock, and 
for keepmg the lock-pit free from water. 

4. For landing and storing material and carrying on the 
work, the contractor will have the use of such portions of the 
U. S. canal l.inds and piers as may from time to lime be 
designated by the U. S. agent in charge. 

5. Bidders are requested to visit the locality of the pro- 
posed work and obtain from personal investigation the informa- 
tion necessary to enniile them to make intelligent proposals, as 
the United States will not be responsible for any lack of accurate 
iuformntion on the part of the contractor, regarding the work. 

II.— Stone. 

6. The maionry of the lock will be of two kinds, cut 
Jtonc and backing. Each bidder shall state the location of the 
(junrries front which he intends to obtain each kind of stone, 
'i)d shall submit with his proposal, at his own expense, a sam- 
ple of each kind of 8lone ; each sample to have the name and 



352 COMPLETE SPECIFICATIOKS. 

location of its quarry, and the name of the bidder plninlv 
marked thereon; each sample shall be a "six-inch" cube, ont; 
face showing natural fracture, and the other faces showing dif- 
ferent styles of finish. The samples submitted with the pro- 
posals will be retained. 

7. Each bidder, when requestej, shall also furnish, al 
his own expense, "two-inch" cubes for testing purposes, from 
such portions of his quarries as the engineer olficer in charge 
may direct; and all stones delivered by the contractor shall be 
of as good quality ns the samples and test cubes furnished by 
him. 

S. Stones quarried after October 15 shall not be laid in 
the work until the following season, and no stone shall be 
quarried between November 1 and April 15- When placed in 
the work all stones shall lie on their natural beds. No lewis 
holes shall have an opening larger than i inch by 4 inches, and 
only one lewis hole will be permitted in each stone. Lewis 
holes, dog holes, letters, or marks of any kind shall not appear 
on show surfaces ; but, in the top face of each coping stone, one 
lewis hole will bo permitted. All lewis holes shall be thor- 
oughly filled with stiff cement mortar of the same quality as 
that in which the stone is set. Stones having defects concealed 
by cement or otherwise will be rejected. . 

9. Cut Stone. — The cut slone shall be uniform in 
appearance, and of at least as good quality as the cut stone of 
the lock of 18S1. It shall be free from all defects that, in the 
judgment of the engineer officer in charge, will impair its 
strength or durability. Sandstone will not be accepted. No 
stone shall be used that weighs less than [48 pounds to the 
cubic foot. The cut stone sh.ill conform approximately in 
dimensions to the bill of materials appended lo these specitica- 
tions, but exact drawings of the stones will t;e furnished the 
contractor when he needs ihem. The character of workman- 
ship, style of finish, chamfer, etc., shall be the same as that of 
the corresponding cut stone of the lock of iSSi, except where 
otherwise specified below. 

10. The stones for the miter walls shall be cut to ^ inch 
joints throughout. The coping stones shall he cut to ^ inch 
joints, except for the bed joints that overlie the backing, which 
shall not exceed one inch In thickness. The stones for the face 
of the main walls, and the facing of the well holes and passages 
for the gears for operating the gates and valves shall be cut to 
^ inch joints on their upper and lower beds, except for such 
portions of the bed joints as overlie the backing, which shall 
not exceed i inch in thickness; the vertical joints of these 
stones shall be cut to ^ inch for 18 inches from the face, and 
the remninder of each of these joints shall not exceed i inch in 
thickness. No joint shall vary In thickness from the din 
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specified, and the dimensions of all stones shall be s^ch that 
the center of each vertical joint shall not vary more than i',,- 
iiich on either side of a vertical line through the center of the 
lowest corresponding joint. Any excess in width of stretchers 
or length of headers in the face walls will be paid for as "back- 
ing stone." 

I [. All beds and joints shall be fairand true, out of wind 
and have an equal bearing throughout; the faces of all the 
walls shall be out of wind, and true to line both horizontally 
and vertically; and the top surfiice of each course of stone and 
of the coping of each wall shall be horizontal throughout, and 
of tlie levels given by the U. S. agent in charge. 

12. All edges on show lines shall be perfect, and no 
stones will be accepted that are in any way marred or nicked. 
Show faces shall be cut true and even, without depressions of 
any kind ; but within the draft lines the show faces oE stones in 
courses below the upper <a courses of the main walls (coping 
not included), may be rough finished, with no depression 
below the plane of the face, and no projection greater than i 
inch above the plane of the face; the face stones of the gate 
recesses, however, shall be finished throughout, as those tn the 
lock of iSSi. All cut stones shall be laid by clamps or by the 
lewifi, and alt lewis holes in cut stone kept over winter shall be 
carefully protected from the weather by the contractor. 

13. Backing. — The backing stones shall be of some 
good quality approved by the engineer officer in charge. They 
shall have an average area of bed of at least 8 square feet; the 
smallest shall have an area of bed of at least 5 square feet, 
except when the U. S. agent in charge may occasionally 
specially authorize the use of a smaller stone, and no stone 
shall have an overhanging top. Backing stones shall be at 
least S inches thick and shall have their faces approximately 
parallel and their joints at right angles to the faces. No irregu- 
lar or three-cornered stones will be accepted. The bed joints 
at the backing shall not exceed one inch in thickness. No ver- 
tical joints shall, at any point, exceed four inches in thickness, 
and the average shall not exceed two inches. 

14. About 4,000 cubic yards of stone, now piled on the 
U. S. canal lands, shall be taken by the contractor from where 
it now lies and laid in the work as backing. The U. S. agent 
in charge will designate the stones to be so taken, and the con- 
tractor shall furnish only the difference between the total 
omouut of backing required and the amount of this supply. 

III. — Sand, Cement and Concrete. 

15. Sand. — All sand used in mortar or concrete shall be 
clean, sharp and silicious. It shall be subject to the approval 
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niid the whole thoroughly mixed. The amount of wiitcr added I 
shall be such that no sign of water shall appear until the ram- 
ming of the concrete, as specified below, is nenrly finished. Xha i 
concrete shall be thoroughly rammed in place before its c 
lias begun to set. 

/ V. — Co nstru ctio n . 

23. The contracCor must clean all broken stooe and rab> 
bish liom the rock upon which the concrete foundation is to 
rest, and must thoroughly clean and scrub it before any con- 
crete is placed upon it. 

24. The concrete foundation shall extend under the liot* 
torn course of masonry of all walls, but shall not be so laid as 
to interfere with the subsequent laying of the lock floor timhers. 
The top surface of the concrete fouudation shall be horizontal 
throughout, and of the levels given the contractor by the U. S. 
agent in charge. The concrete shall be deposited in layers not 
more than 6 inches in thickness, and thoroughly rammed, a» 
soon as laid, with rammers weighing not less than 35 pounds. 

25. Unless specially directed otherwise by the engineer 
officer in charge, the walls shall be carried up in such a manner 
that not more than three courses shall be unfinished at a time. 
The stones shall be prepared for their respective places they are 
to occupy in the work before they are brought on the walls ; 
moving stones .ibout on the walls will not be permitted, and no 
dressing, except by special permission of the U. S, agent iu 
charge, will be allowed on any stone after it is in the wall. 

26. Generally the backing shall be laid in courses not ex- 
ceeding two feet in height, and must be leveled off willi the top 
surface of each course of the face stone. But the engineer 
officer in charge may occasionally permit the use of backing 
stone of more than two feet in thickness, in which case the 
course shall not exceed four feet iu thickness and must be IcveU 
ed off with the top surface of every second course of face stone. 
The bottom stones of each course of backing shall break al) 
vertical joints at least 9 inches with the top stones of tlie cour>e 
below. Whenever possible, in each course, all stones shall 
break joints at least 9 inches with all stones adjacent to them. 
The backing shall not be laid in advance of the face stonei. 

27. No cut stone shall be laid after dark. Every stone, 
both cut stone and backing, shall be laid in a full bed of mor- 
tar, and shall be carefully settled in place in a manner satisfac- 
tory to the U. S. agent in charge. All vertical joints shall be 
completely filled with moitar. The spacer in vertical joints dtic 
to irregularities of form of the backing stones, shall all be filled 
solid with selected hammer shaped stones and spalls, carefully 
laid aud settled in mortar, but no spalls or wedges of any kind 
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*in be pemiillcd ui horizontal joints. The use of grout is pro- 
hibited. 

38. Where the work is in progress the masonry and con- 
crete shall be kept wet and free from dirt. All stones shitll be 
washed dean just before they are brought on the wall, and Ihc 
beds nnd joints of all stones shall be moistened with water just 
before ihey arc laid. 

29. All irons that must be built in or attached to the 
masonry, such as gale anchorages and pivot plutes, snubbing 
hooks, miter wall bolts, etc., will be furnished the contractor at 
the site by the United Slates. The contractor must place all 
these irons in the positions indicated by the detailed drawings 
that will be furnished him at the time, and, as no additional 
compensation will be allowed for this work, its cost must be 
included in the prices bid for laving masonry. 

30. Before filling of any kind is placed behind the walls, 
the exposed joints of the backing must be rou^jh pointed by the 
contractor, with stiff cement mortar. The cut stone masonry 
will be pointed by the United States before the completion of 
the contract, and the contractor is not to interfere in any way 
with the employees of the United States engaged in this work. 

31. Neither m;isonry nor concrete shall be laid from 
November 15 to April 15 inclusive, nor at any other time dur- 
ing freezing wealher. The U. S, agent in charge will inform 
the contractor when ihe laying of masonry or concrete shall be 
Slopped on this account. No holes that will hold water shall 
be left in the walls during winter. All portions of the walls 
remaining unfinished over winter must be thoroughly protected 
by the contractor by suitable covering against the action of 
frost. Before laying any masonry in the spring, all mortar 
that has been injured by frost shall he removed from all the 
ioinis by the contractor, and they shall tlien be properly refilled 
by him without additional compensation. 

3a. The space between the back of the walls and the rock 
face of the lock-pit shall be filled with concrete, laid as 
described for the concrete foundations and carried ijp simulta- 
neously with the walls. 

33, Kjicept where indicated by the U. S. agent in 
charge, tlie space behind the walls, above the concrete filling, 
shall be filled with material taken from such parts of the spoil 
banke of the lock-pit as may be indicated by the U. S. agent in 
cliarge. It shall be placed in horizontal layers not exceeding 
one foot in thickness, and aflcr being well dampened with 
water shall be thoroughly rammed with rammers weighing not 
less than 35 pounds each. Between the south wall and Ihe 
lock of iSSi, all depressions below the level of the coping of 
lh« two locks shall be filled to this level; and behind the north 
wall the lop surface of the filling shall be on a level with the 
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coping, and Ehall extend back to a line parallel to the face of 
the north wall and 50 feet from it. All slopes of the filling 
shall be at least 1 on 2. No stones will be permitted in tlie 
filling of a greater volume than one cubic fool, and the titltajr 
shdll be carried up simultaneously with the walls. 

34. The contractor shall be responsible for the preserva- 
tion of the slopes of the lock-pit unlil the completion of 
work under Ihe contract, and immediately thereafter he shall 
remove all of his machinery, all rubbish and loose materiul, 
from between the walls. 

v.— General. 

35. The approximate estimate of materials to be fur- 
nished, and the work to be done under these specifications, is 
as follows: 



less). 

N 
less). 



Portland cement to be delivered, 22,000 bbls. (more c 
Natural cement to be delivered, 75,000 bbls. (more ( 



nrds, solid measure 



Cut stone to be delivered, 20,000 cubic yards, solid meas- 
ure (more or less). 

Cut stone to be laid, 20,000 cubic yards, solid measure 
(more or less). 

Backing to be delivered, 55,000 cubic yards, solid measure 
(more or less). 

Backing to be laid, 59,000 ■ 
(more or less). 

Concrete to be laid, 5,000 cubic yards, measured in place 
(more or less). 

Earth to be filled bebind walls, 70,000 cubic yards, meas- 
ured in place (more or less). 

36. Bidders will state the price per unit for the several 
items separately, but the aggregate determined from the prices 
and the above approximate quantities will be considered as one 
bid. No claim shall be made against the United States on 
account of any excess or deficiency, absolutely or relatively, in 
the amounts as stated above. Sufficient material shall be fur- 
nished, and sufficient work done, to complete the masonry, etc.. 
as specified, and bidders are requested to make the estimate of 
quantities for themselves. The contractor's prices for the 
various items shall cover all costs of labor, appliances, and 
materials, and all expenses of whatever nature (except super- 
intendence by U. S. agents), that may arise during the progress 
of the work. Tlie best quality of materials and workmanship 
will be required and the cost to the United States will be but 
one element in determining the award of tlie contract. 
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ted until the 



^7. The work will not be fiimlly acceptet 
tractor aimll hn\e maile good any injury ibat may have been 
done (o work included in any previous estimates, and the con- 
tract shall have bten completed. The United Slates will not 
be responsible for the safety of the employees, pinnt, or male- 
rials used by the contractor, nor for any damage done by or to 
them from any source or cause whatever. While in ihe canal, 
tlie contractor's plant shall be subject to the rules which govern 
vessels parsing through it, and to this extent shall be under the 
orders of the superintendent of the canal. 

38. All the work under theae specifications shall be car- 
ried on under, and in conformity with, the direction of the 
U. S. agent in charge. Should any chajiges in any of 
the plans be made by the engineer officer in charge during the 
progress of the work, the contractor shall conform to them, and 
a fair allowance will be paid for any changes, which, in the 
judgment of the engineer officer in charge, materially increase 
the cost of the work. No "extras" of any kind will be paid 
(or, however, unless they have been specially ordered in writ- 
ing, and iheir price stated in writing, by the engineer officer 
in charge, before work on ihem has begun. All rejected mate- 
rial shall be removed from the work immediately by the con- 
tractor at his own expense. 

39. Contingent upon such appropriations as may from 
time to time be made by law, payments will be made upon 
tnonthly estimates of the amounts of work and materials 
accepted during the preceding month. The monthly estimates 
will be made as follows: 

I. Poitland cement delivered and accepted. 
3. Natural cement delivered and accepted. 

3. Seventy-five per cent, of the cut stone delivered and 
a^ccepled (before it is laid). 

4. Twenty-five per cent, of the cut stone delivered and 
atccepied (afler it is accepted in the wall). 

5. Laying of cut stone after it is accepted in the wall. 
^^B^^. Backing delivered and accepted (after it is laid). 
^^^^^ Laying of backing, after it is accepted in the walls. 
^^^^HL Laying of concrete, after it is accepted in place. 
^^^^K Earth tilling behind walls, after it is accepted in place. 
^^^H^Eor all cut stone and backing items, payment will be made 

^Biy for the voltime actually occupied by ihe stones in the 
completed wall. No payment will be made for the volume 
lost in cutting stones to their proper shapes. 

Until the completion of the coniract, the contractor shall 
be responsible for the preservation of all previously accepted 
work or material, the cement while in custody of the United 
States alone excepted, and cjcIi monthly estimate to be dimin> 
itlied first by the ten per cent, to be retained from each pay- 
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ment, and second, by the estimated value of all previously 
accepted work or material injured or wasted during the pre- 
ceding month. 

40. In case it be deemed advisable, at the request of the 
contractor, to extend the contract or modify it in any manner, 
all cost to the United States resulting therefrom may be 
deducted from the final payment, and only the remainder will 
be paid to the contractor. 

41. Work under the contract shall be begun on or before 
May 15, 1891, and entirely completed on or before November 
15, 1393. The total amount of the contractor's monthly esti- 
mates by the end of the first season's work under the contract 
shall be at least one Rfth of the total amount of the approxi- 
mate estimate given above; and by the end of the second sea- 
son's work, the total of the contractor's monthly estimates shall 
be at least three fifths of the same approximate estimate. In 
case the total estimates for the work done by the end of any 
season shall be less than specified above, the United States 
shall have the right to annul the contract and finish the work, 
and the contractor and his bondsmen shall be liable for any 
increase of cost to the United States over that proposed and 
agreed upon for the entire work as specified. In case the con- 
tract is annulled as described above, all amounts that may be 
due the contractor at the time shall be forfeited to the United 
States. 

42. The River and Harbor Act of September 19, 1890, 
in making the appropriation for continuing the work of improv- 
ing St. Mary's river, provides: 

II ■ » ■ 7X^/ such contracts aa may be desirable 
may be entered into by the Secretary of War for materials and 
labor for the entire structure and approaches, or any part of 
the same, to be paid for as appropriations may from time to 
time he made by laio." 

The amount of funds available at any time for work under 
the contract will be obtained by deducting from the total fumU 
on hand for improving St, Mary's river, the estimated amounts 
necessary for all the contingencies of engineering, superintend- 
ence, etc., etc. 

43. If any person employed by the contractor on any part 
of the work, or upon any work pertaining tliereto, should appear 
to be incompetent or objectionable, he shall be discharged 
immediately upon the requisition of the engineer officer in 
charge, and such person shall not again be employed In con- 
nection with the work or any part of it. 

In case of differences arising between the contractor and 
the U. S. agent in charge, in regard to the work or to these 
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No advantage shall be taken of any error or omission in the 
forc<joing specifications, as full information will be given upon 
application. 

APPROXIMATE BILL OP CUT 8T0NB REQUIRED POR 800 POOT LOCK AT ST. 

MARY'S PALLS CANAL, MIGHIOAN. 



No. of 
Pieces. 


Dimensions of 
Eaoh Piece. 


Cu. Ft. 

in Eaoh 

Piece. 


No. of 
Pieces. 


Dimensions of 
Each Piece. 


Cu. Ft. 

in Eaoh 

Piece. 




Ft. 


Ft. 


Ft. 






Ft. 


Ft. 


Ft. 




36 


2 


5 


5>i 


55 


6 


2 


6)^ 


S^ 


Ill 


7752 


2 


3 


6 


36 


8 


2 


5 


7>i 


75 


186 

1 


2 


6 


G>^ 


78 


10 


2 


3 


4)i 


26 


348 


2 


3 


7 


42 


4 


2 


5 


5K 


53 


102 


2 


^H 


C 


57 


32 


2 


5^ 


6 


66 


194 


2 

1 


• 

3 


6% 


40 


2 

1 


2 


6|i 


7>^ 


102 


138 


2 4 

1 


6 


48 


1 

4 


2 


3>^ 


7 


49 


166 


2 


3 


6)i 


33 


6 


2 


4M 


6% 


60 


186 

1 


2 


3K 


6 


42 


16 


2 


3}i 


5 


35 


276 


2 


3 


6K 


39 


8 


2 


4 


7>^ 


60 


152 


2 


^H 


6 


51 


36 


2 


4K 


5 


45 


230 


2 


5 


6 


60 


8 


2 


2^ 


7 


39 


38 


2 


2>^ 


6 


30 


61 


2 


3 


4K 


27 


10 


2 


5 


7 


70 


16 


2 


4 


5K 


44 


12 


2 


5 


e^i 


65 


28 

1 


2 


3 


31^ 


21 


; 227 


.2 


4>i 


6 


54 


172 


2 


2 


4 


16 


12 


2 


3)i 


6 


39 


190 


2 


2?i 


5 


28 


64 


2 


3Ji 


6 


45 


: 77 


2 


2?i 


6 


33 


66 


2 


6 


7)i 


87 


12 


2 


2K 


4 


20 


36 


2 


3 


5>^ 


33 


8 


2 


2 


5)i 


21 


30 


2 


6 


6 


72 


4 

1 


2 


2 


2>i 


10 


273 


2 


3 


5 


30 


10 


2 


3 


3 


18 
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APPROXIMATE BILL OP OUT 8T0NB RSQUIRBD POR 800 POOT LOCK AT ST. 

MARY'S PALLS OANAL, MICHIGAN. 



No. of 
Pieoes. 


DimensioDS of 
EaohPieoe. 


Cu. Ft. 

in Eaoh 

Pieoe. 


No. of 
Pieoes. 


Dimensions of 
Eaoh Pieoe. 


Ca. Ft. 

in Eaeh 

Pieo«. 






Ft. 
2 


Ft. 
3 


Ft. 
4 






Ft. 
2 


Ft. 


Ft. 
5>i 






6 


24 


4 


50 


1 


8 


2 


2 


63i 


23 


4 


2 


8 


8>i 


50 \ 


6 


2 


3 


63i 


84 


26 


2 


2« 


4« 


26 \ 


2 


2 


8Ji 


5>< 


86 


28 


2 


83i 


4>i 


33 \ 


84 


2 


2 


5 


20 


21 


2 


4 


4>i 


36 ■^' 


8 


2 


2 


2« 


11 


14 


2 


8 


8« 


« 


4 


2 


2 


8>< 


14 


14 


2 


8 


7« 


« 1 


4 


2 


2>< 


6Ji 


31 


12 


2 


^H 


^H 


41 


12 


2 


6K 


9^ 


120 


4 


2 


m 


m 


57 


74 


2 


5« 


6 


69 


8 


2 


8Ji 


7 


46 


74 


2 


3 


6Ji 


32 


14 


IH 


m 


6 


29 


2 


2 


4;^ 


7« 


65 


11 


2K 


5 


6 


75 


2 


2 


8>< 


6Ji 


47 


10 


2K 


3 


5 


38 


14 


2 


4 


6>< 


52 


4 


3 


3K 


6H 


63 


100 


2 


8 


7>< 


45 


7 


3 


8 


7« 


70 


2 


2 


6 


7 


84 


6 


3 


^H 


3>< 


37 


2 


2 


6 


«« 


81 


6 


3 


8 


3>< 


32 


14 


2 


8 


8>< 


136 


5 


3 


8>< 


m 


76 


14 


2 


7>< 


7K 


113 


5 


3 


9H 


6Ji 


66 


98 


2 


2Ji 


4K 


25 


2 


3 


3K 


7K 


79 


91 


2 


63i 


7K 


86 


12 


3Ji 


^H 


6 


68 


4 


2 


6 


8K 


102 


28 


^H 


^H 


6 


74 
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TROXIMATE BILL Or OUT STONE REQUIRED FOR 800 FOOT LOCK AT ST. 

ICART'S FALLS OAKAL, MICHIGAN. 



So oft 
?ieces. 


Dimensions of 
Esoh Pieoe. 


Cu. Ft. 

in Each 

Piece. 


No of 
Pieces. 


Dimensions of 
Each Piece. 


On. Ft. 

in Each 

Piece. 




Ft. 


Ft. 
4>^ 


Ft. 
7^ 






Ft. 


Ft. 
3 


Ft. 
5 




2 


118 


52 


23 


2 


3X 


4 


4>i 


63 


8 


IH 


3 


5K 


24 


2 


3H 


^H 


6 


95 


64 


IH 


3 


^K 


20 


2 


zyi 


5^ 


7>1^ 


144 


36 


IH 


3 


'JK 


34 


2 


2X 


ZH 


*>i 


43 


12 


IK 


3 


6K 


25 


2 


ZM 


8 


8>^ 


238 


8 


l>i 


5K 


6 


47 


2 


Z}i 


7>i 


7>i 


197 


2 


lyi 


5 


7 


53 


50 


% 


n 


8 


6 


2 


IH 


4 


7 


42 


2 


% 


\{ 


8 


8 


8 


IH 


3 


ex 


30 


1052 


IM 


3 


6 


27 


4 


l)i 


4 


7K 


45 


42 


lyi 


3 


7 


32 


6 


l>i 


4 


6 


36 


22 


lyi 


6 


6 


45 


2 


IK 


3>i 


5 


26 


8 


IH 


4>i 


6 


39 


4 


IK 


4 


^K 


27 


28 


l>i 


a 


6>i 


29 


4 


^K 


3 


4 


18 


30 


iH 


3)4 


6 


32 


6 


IK 


^K 


5 


34 


8 


\}i 


2>i 


6 


23 


2 


IK 


6 


6 


54 


30 


IH 


^H 


6 


34 


134 


m 


3 


5 


26 


2 


IH 


^H 


4>i 


17 


132 


1^ 


5 


6 


53 


36 


IH 

n ^ y 


4>i 


6 

7>i 


41 

no 


2 


i?i 


5 


5 


48 


2 


^K 


2>i 


28 






14 


lyi 


6 


7>i 


65 


Total No. Stone 13,£ 


►04^ g^ 


4 


ix 


4K 


7 


47 


TotalVol. Cu. Yd8....19,e 


i88i.^8 



Note. — Tlie linear dimensions are given to the nearest 
^uarter of a foot, and the volume to the nearest cubic foot. 
?hey describe a prism from w-hkh the required finished stone 
nay be cut. 
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Payments are not to be made by this bill, but 
volume of etone laid in the Wall after being cut to tl 
dimenBtons. 

PHOPOSAl.. 
TO COLONEL O. M. POK, 

Corps of Engineers, U. S. A., Detroit, Afic/i. 



Sir — In accordance with your advertisement of Novem- 
ber 2S, 1S90, inviting proposals for furnishing all material and 
labor and building the Masonry of a Lock, at Saint Mary's 
Falls Canal, Mich., and subject to all the conditions and 
requirements thereof, and of your instructions to bidders and 
specifications dated November 2S, 1890, copies of all of which 
are hereto attached, and, so far as they relate to this proposal, 
are made a part of it, we (or) I propose to furnish all male- 
rials, appliances and labor, and do the work as specified, at the 
prices named below, namely: 

Deliver at Sault Sle. Marie, Mich., twenty-two thousand 
(32,000) barrels (more or less) of Portland Cement at the 

rate of ( ) dollars and ( ) cents per 

barrel. 

Deliver at Sault Ste. Marie, Mich., seventy-five thousand 
(75,000) barrels (more or less) of Natural Cement, at the rale 
ot ( ) dollars and ( ) cents per barrel. 

Deliver at Sault Ste Marie, Mich., twenty thousand 
(zO,ooo) cubic yards (more or less), solid measure, cut stone, 

at the rale of ( ) dollars and ( ) cents 

per cubic yard. 

Lay in the lock walls twenty thousand (20,000) cubic 
yards (more or less), solid measure, cut stone, at the rate of 
( ) dollars and ( ) cents per cubicyard. 

Deliver at Sauit Ste. Marie, Mich., fifty-five thousand 
(55,000) cubic yards (more or less), solid measure, backing 

stone, at the rate of ( ) dollars and ( ) 

cents per cubic yard. 

Lay in the lock wall fifty-nine thousand (59,000) cubic 
yards (more or less), solid measure, backing stone, at the r^Ie 

of ( ) dollars and ( ) cents per cubic 

yard, 

^ay in the foundations, etc., of the lock, five thousand 
(5,000) cubic yards (more or less) concrete, at the rate of 

( ) dollars and ( ) cents per cubicyard 

measured in place. 

Fill behind walls seventy thousand (70,000) cubic yards 

(more or less) earth, at the rate of ( ) dollars and 

( ) cents per cubic yard, measured in place. 
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We [or] I make this proposal with a full knowledge of 
the kind, quantity, and quality of the articles required, and of 
the work to be done, and, if it is accepted, will, within ten ( to) 
Jays after receiving writlea notice ot such acceptance, enter 
into contract, with good and sutTicicnt sureties, for the faithful 
performance thereof. 



winiBsa: 



.(Signature} ....[seal] 

(Address) 

..(Stgnatnre) [awi.] 

(Addrose) 

..(BiEnatDH) [aui.] 

(Addreai) 

..(Signature) [er&l] 

(AddreM) 

. C^Ignatara) [seal] 

(Address) — . , 



(Sign in Triplicate.} 
GUARANTY. 



, of , in the state of , and , of 

the state of , hereby guarantee and bind ourselves 

IS each of ti^, our anil each of our heirs, executors and admin- 
istrators, to the effect that if the bid of herewith accom- 

panying, dated , 1S9 — , for furnishing all materials and 

Inbor, and building the Masonry of a Lock at S:iint Mary's 
Falls Cnnal, shall be accepted, in whole or in part, within 
sixty (60) days from the date of the opening of proposals, the 

said bidder , will, within ten (10) days after being 

notified of such acceptance, enter into a contract with the 
"Lfnited States in accordance with the terms and conditions of 
the advertisement, and will give bond with good and sufficient 
sureties for the faithful and proper fulfiilment of the same. 
And in case the said bidder shall fail to enter into con- 
tract within the said ten (10) days with the proper officer of 
the ITnited States, and furnish good and sufficient bond for the 
faithftil performance of the same according to the terms of s.iid 
bid and advertisement, we and each of us hereby stipulate and 
gaanwtee, and bind ourselves and each of us, our and each of 
oar heirs, executors and administrators, to pay unto the United 
Stales the difference in money between the amount of the bid 

of the said bidder and the amount for which the proper 

officer of the United States may contract with another party to 
furnish said materials and labor and build the Masonry of i 
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Lock, as specified, if the latter amount be in excess of the for- 
mer, lor the whole work covered by the proposal. 



Witnesses : 



X/ftXGQ ■ • •• •.•••1 o" . 

[Executed in Triplicate.] 



[SEAL.] 
[SEAL.] 



JUSTIFICATION OF THE GUARANTORS. 



STATE OP- 
CoxmTY OP- 



|ss. 



I, , one of the guarantors named in the within guar- 
anty, do swear that I am pecuniarily worth the sum of two 
hundred thousand dollars, over and above all my debts and 
liabilities. 

(Signature of Ouarantor.) 

Before me, 

(Signature of Officer administering oath, with seal, if any.) 



STATE OP \ -,_ 

County op J^^* 

I, , one of the guarantors named in the wnthin guar- 
anty, do swear that I am pecuniarily worth the sum of two 
hundred thousand dollars, over and above all my debts and 
liabilities. 

(Signature of Guarantor.) 

Before me, 

(Signature of officer administering oath, with seal, if any. ) 



CERTIFICATE. 

I, , do hereby certify that and , the 

guarantors above named, are personally known to me, and, 
that, to the best of my knowledge and belief, each is pecun- 
iarily worth, over and above all his debts and liabilities, the 
sum stated in the accompanying affidavit subscribed by him. 



(Signature of certifying official.) 

Note. — The certificate maybe given separately as to each 
guarantor, and modified accordingly, 

O. M. P. 
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173. Complete Specifications and Contract for 
Dam No. 5, Southborougb, of the Boston Water- 
TTo rks. July, 1893. 

ADVERTISEMENT. 



1 CIINTHACTOUS. 



Sealed proposals Hildressed to llie Boston Water Board, 
and endorsed "Proposals for building Dam No. 5 in the Town 
«f Soulhborough," will be received by the Boston Water Board, 
at their oltice, City Hall, Boston, Mass., until 12 o'clock M., 
of Monday the seventeenth day of July, 1S93, and at that lime I 
k 'vili be publicly opened and read. 1 

^^^K| Each bidder must make a personal examination of the loca- | 
^^^^B of the dam. 

^^^HV All bids must be made upon blank forms, to be obtained 
H^^^pie City Engineer, Boston, must give ^he prices proposed, , 
P Ixjth in writing and in figures, and be signed by the bidder, 1 
-with his address. 

Each bid is to be accompanied by a certified check for two 
thousand dollars ($a,ooo), payable to the City of Boston, said ' 
vheck to be returned to the bidder unless he fail to execute the | 
contract, shotild it be awarded to him. 

A bondfor one hundred thousand dollars ($ too,ooo)witl be 
Teqttired for the faithful performance of the contract, the sure- 
ties to be residents of Massachusetts, and satisfactory to said | 
JJoBton Water Board. 

The person or persons to wlfom the contract may be ai 
«d will be required to appear at this ofBce with the sureties 
offered by him or them, and execute the contract within six 
^ays (not including Sunday) from the date of notification of 
kuch award, and the preparation and readiness for signature of 
the contract ; and in case of failure or neglect so to do, he or 
they will be considered as having abandoned it, and the check 
ncGompanying the proposal shall be forfeited to the City of 
Boston. 

All bids will be compared on the basis of the Engineer's 
vslimale of quantities of work to be done, which is as follows : — 
14,000 cubic yards soil excavated and placed in spoil- 
banks. 
131900 cubic yards soil excavated from spoil-banks and 
placed on dam. 
t,6io square yards sodding. 
g acres seeding, 
330,000 cubic yards earth excavation (trenches, embank- 
ments, and backfilling). 
10,000 cubic yards rehandling of excavated materials. 



m 
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(if) 131400 cubic yards rock excavation. 

(c) 2,ooo feet board measure timber work. 

{«) 3,000 feet board measure timber work (tongued 

grooved), 
(y) 800 borrela Portland cement. 

(#') 14,000 cubic yards concrete ■masonry. 

igg") Soo cubic yards concrete masonry. 

(A) 9t27o square yards plastering. 

((') 356 cubic yards biick masonry. 

(/) 75°° cubic yards paving. " 

(%) 10, roo cubic yards riprap. 

(/) 5,400 cubic yards broken stone. f 

(w) 22, 200 cubic yards rubble-stone masonry. 
(") 131300 square feet facing stone masonry (broken nslibt 

work). 
C") 3'^5° cubic yards facing stone masonry (range work). 

(/) 330 linear feet coping. 

(^) 290 cubic yards dimension stone masonry, 

(r) 4,110 square feet hammered work, 

(j) 1,000 cubic yards masonry laid in American cement 

mortar i to i, an additional price per cubic 

yard. 
(/) 1,000 cubic yards masonry laid in Portland cement 

mortar I to i, an additional price per cubic 

yard. 
(2/) 1,000 cubic yards masonry laid in Portland cement 

mortar I to 2, an additional price per cubic 

yard. 
(ji) 1,000 cubic yards m"&sonry laid in Portland cement 

mortar i lo 3, an additional price per cubic 

(''") ■•575 linear feet of walk. 

These quantities are approximate only, and the Boston 
Water Board expressly reserves the right of increasing or dimin* 
ishing the same, as may be deemed necessary by -its Engineer. 
Plans can bo seen, and specifications and forak of proposal 
and contract obtained, at the office of the City Engineer, City 
Hall, Boston. 

The Boston Water Board reserves the right to reject ray 
or all bids, should it deem it to be for the interest of the CHy 
of Boston so to do. ROBERT GRANT, 

JOHN W. LEIGHTON, 
THOMAS F. DOHERTY, 
BosioTi Water B«^ 
Okfick of Boston Water Boaiid, 
City Hai-i., Boston, Julv i, 1893. 

■ i^aa eubli yarJi l( (lpr»p li mcJ. 1 1,3*) Cubic )r*rd* U 



SPECIFICATIONS AND CONTRACT VOR DAM. 
PROPOSAL 



TO THE BOSTON WATER BOARD FOR BUILDING D.\M NO, 3 IN THE 
TOWN OV SOUTHBOROUGH. 

The undersigned hcrehy declares that he has carefully ex- 
amined Ihe annexed form of conlract and specifications and the 
drawitigs therein referred to, and made an inspection of the 
site of the proposed dam, and will provide all necessary ma- 
chinery, tools, apparatus, and other means of construction, and 
do all the work and furnish all the materials called for by said 
contract and specifications and the requirements under them o£ 
the Engineer, for the following sums, to wit: 

(a) For the removal of soil excavated and placed in 

spoil banks, including all incidental work, the sum of 

($ ) per cubic yard. 

(oa) For the removal of soil taken from spoil banks or 
from other places and placing on the slopes of the embank- 
ment, including all incidental work, the sum of ($ ) 

per cubic yard. 

(A) For sodding, including all incidental work, the sum 
of ($ )pcr superficial square yard. 

(^^) For seeding, including all incidental work, the sum 

(c) For earth excavation, including its disposal in em- 
bankments and refilling, or as otherwise ordered by the engi- 
neer, and all incidental work, the sum of ($ ) per 

cubic yard. 

(cc) For rehandling of excavated materials from spoil 
banks and placing, including all incidental work, the sum of 
- ($— - — ) pc cubic yard. 

(1/) For rock excavation, including its disposal and al! 
iDcidental work, the sum of ($ ) per cubic yard. 

(e) For permanent timber work, except tongued and 
irooved timber, placed, including all incidental work, the sum 
o f i ($ ) per thousand feel B. M. 

(ee) For permanent timber work, tongued and grooved, 

plued, including all incidental work, the sum of ($ ) 

per thoussndjeet B. M. 

' " " — • ■ naent ordered bv the engineer, 
n the work, in barrels containing -lOO 
cideutal work, the sum of 



For Portland 



pounds, including a 

($ ) per barrel. 

(^) For concrete masonrj-, in place, formed of five parts 
of broken stone or screened gravel, to one part of cement, and 
made with American cement mortar mixed in Ihe proportion of 
one part of cement to two parts of sand, including all incidental 

work, the sum of ($ ) per cubic yard. 

24 
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igg) For concrete masonry, in place, fonuciJ of ttfti* 
parts of broken slone or screened gravel to one part of cerorsl. 
and made with American cement murtar mixed in the propor* 
tion of one pnrt of cement to two parts of t^nA, inclddtng aQ 
incidental work, the sum of ($ ) per ctil>!c yax6. 

(>}) For plastering .til concrete wulls with rortland 

cement, inclnding all incidental work, the sum of [g ) 

per superficial square j-ard. 

((■) For brick masonry, laid in Portland cement mortst 
mixed in ihe proportion of one part of cement to two parts of 
sand, and inclnding all pointing, centering, etc, and reroovin; 

the same, and all incidental work, the aiim of ($~— > 

per cubic yard. 

(y) For paving in place, including all incidental work, 
the sum of ($ ) per cnbic yard. 

((&) For riprnp in place, including all tncidenlat work. 
tlie sum of ($ ) per cubic yard. 

(/) For broken slone in place (other than that med in 
making concrete nnd the walk), including all incidental nixk. 
the sum of ($ ) per cubic yard. 

(m) For rubblc-stonc masonry, laid in American cemeni 
mortar, mixed in Ihe proportion of one part of cement to t»u 

parts of sand, including all incidental work, the sum of 

($ ) per cubic yard. 

(ff) For fnce work of broken ashlar, !n addition hi lli( 
price paid per cubic yard as rubble, including pointing \ant»l 

Portland cemeni!. and all incidental work, the sum of 

($ ) per superficial sqn.ire foot. 

(o) For facing slone mnsonry of range stones luid iu 
American cemejit mortar mixed in the proportion of oo< 
part of cement to two parts of sand and pointing in dm' 

Portland cement, including all incidental work, the sum of- 

($ ) per cubic yard. 

(j*) For coping laid in place, and pointed in vtH 
Portland cement, including all incidental work, the sum o* 
($ ) per linear or running foot. 

(y) For dimension stone m:isonry laid in Amcfican 
cement mortar mixed in the proportion of one part of leraent'" 
two parts of sand, including pointing in nc.nt f'onhmd ceimMi'- 

centering, etc.. and all incidcntnl work, the sum of 

(¥ ) V^y cubic yard. 

(,-) For tine hammer dressing (six cut work) the *um<" 
($ ) per supcificial squnrc foot. 

(j) For all kinds of masonry laid in American ocnW' 
mortar mixed in the proportion of one part of cement to Oil' 
part of sand, in addition to the prices per cubic yard heK'"' 
before stipulated to be paid for the same class of masoni^ I»^ 
in American ccmejit mortar niiNcd in the proportion of one p*" 
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of crmetit to Iwo ports of Band, the sum of ($ ) per 

cubic ynid. 

(O For all kinds of masonry laid in rortlund cement 
mortar mixed in the proportion of one pnrt of cement to one . 
part of sand, in addition to tlie prices per cubic yard hereinbefore 
stipulated to be pniil for the same class of masonry laid in 
Americnn cement mortnr mixed in the proportion of one part of 

cement to two parts of snnd, the sum of ($ ) per '■ 

cubic yard. ' 

(m) For alt kinds of masonry laid in Portland cement 
mortar mixed in the proportion of one pari of cement to two 
parts of sand, in addition to ilie prices per cubic yard herein- 
before stipulated to be puid for the same class of masonry laid 
in American cement mortar mixed in the proportion of one part 

of cement to two parts of sand, the sum of ($ ) per 

cubic yard. 

(i>) For all kinds of masonry laid in Portland cement 
■ morlur mixed in the proportion of one part of cement to three 
parts of sand, in addition to the price per cubic yard herein- 
before stipulated to be paid for Ihe same class of masonry laid 
in American cement mortar mixed in the proportion of one part 

of cement lo two parts of sand, the sum of ($ ) per 

cubic yard. 

(w) For building walk, inchidin 

iuva of ($ ) per linear or ri 

(jf) For all extra work done by written order jof the Boston 
Wnler Board, its actual reasonable cost to, the Contractor, as 
determined by the City Engineer, plus fifteen per cent, of said 
co&t. 

Accompanyinji this proposal is a certified check for two 
thousnnd dollars ($2,000), which it is agreed shall become tiie 
property of the city of Boston, if, in case this proposal shall be 
Accepted by the Boston Water Board, the nnder5i};ncd shall fail 
to execute a contract with said city under the conditions of this 
proposal within the time provided for by the advertisement for 
proposals; otherwise said check shall be Tc-lurned to the under- 
signed. 

No member of the city council, and no person in any ofRce 
Or employment of the city of Boston is directly or indirectly 
•iiCcrestcd in this proposal or in any contract which may be made 
under it. or in expected profits to arise tlicrefrom : and this pro- 
posal is made in good faith without collusion or connection vvith 
itny other person bidding for the same work. 



: all incidental work, the 
ming foot. 
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CITY OF BOSTON. 

BOSTON WATER WORKS. 

CONTllACT ASD Sl'ECII'lCATIONS FOR BUILDING DASt 



NO. 5, 



WN OF SOUTH BOROl'GH. 



yyiis Agreement, made and concluded ihif 

day of 111 the year one thousand eight 

hundred nnd ninety-three, between the City of Uos- 
ton, by its Boston Water Board, of the first p.iit, 

and ill the State of 

of the second part: 

- A. Witnessethi That for mid in consideration oi 
the payments and agreements hereinafter mentioned, 
to be made and performed by the said party of the 
first part, and under the penalty expressed in a boiul 
bearing even date with these presents and hereunto 
annexed, the said party of the sccoud part agree* 
with the said party of the first part to commence the 
work herein required to he done, within fourteei: 
days after the signing of this contract and to proceed 
with the woik in such order n d at such tiinc», 
points, and seasons, and with such force as may, 
from lime to time, be directed by the engineer, nnd 
at his own proper cost and expense, to do all the 
work and furnish all the materials called for by this 
agreement, in the manner and under the conditions 
hereinafter specified. 

j! And the said party of the second part hereby 

agrees to complete all the work called for under Ibis 
agreement, in all parts and requirements and la full 
conformity with the plans and speciUcations on or 
before November i, 1896; provided, however, that 
the water hoard shall have the right at their discre- 
tion to extend the time for said completion of the 
work. It is further agreed that the permitting of 
said party of the second part to go on and finish 
Kiid work after the time specified for its compteliou 
shall not operate as a waiver of any of the rights of 
said city under this contract. 

B. To prevent all disputes and litigation it is far- 
ther agreed, by and between the parties to this con- 
tract, that tlic city engineer of Boston (mcanla^ 
thereby the individual at any time holding the posi- 
tion or acting in the capacity of tlie engineer of the 
Boston Water Board) shall be referee in all cases l< 
determine the amount or the quantity o 
which is to be paid for under this contr 
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leclde all questions wliich may arise relative to (he 
futfillmeiil of tills conlrjcl on the part o( the con- 
tractor, find his estimates and decisions shall he finiil 
and conclusive; also that said engineer, by liimsetf. 
or by assistants and inspectors, acting for him, shall 
inspect the work to be done under this agreement to 
sec that the same is done strictly in accordance with 
the reqnirements of the specifications hereinafter set 
forth. 

O, The parties further agree that wherever in thi% 
contract the words defined below are used, they shall 
be understood to have the nie;inings herein given: 

The term '-water board" shall mean the Hos- w«i"Bi 
ton Water Board, or any board or committee duly 
authoriied to represent the city of Boston in the 
execution of the work covered by this contract- 

The »ord '-engineer" when not further quali- Engincei 
fied, shall mean the said city engineer or his prop- 
erly authorized agents, limited by the particular 
duties entrusted to them- 

Thc word "contractor" shall mean the person Comrwi 
or persons, co-partnership or corporation, who have 
entered into this contract as party of the second part, 
or his or their legal representatives. 
3J. It is further agreed that the quantities of work 
to be done and materials to be furnished, as given 
%a the accompanying notice to contractors are only 
lor the purpose of comparing the bids offered for the 
x%-ork under the contract on a uniform basis; and it 
is hereby agreed that the Boston Water Board 
expressly reserves the right to increase or diminish 
the above mentioned quantities, or any of them, as 
mny be deemed necessary by the engineer. 
E, The plans and specifications are intended to be Piuu. 
explanatory of each other; but should any discrep- 
ancy appear, or any misunderstanding arise as to the 
import of anything contained in either, the parties 
hereto further agree that the explanation and deci- 
sion ol the city engineer shall be final and binding on 
the contractor; and all directions and explanations 
rec]uircd, alluded to, or necessary to complete any 
o( the provisions of this contract and specifications 
and give tliem due effect, shall be given by the said 
cugiocer. Corrections of errors or omissions in 
dmwings or specifications may be made by the said 
engineer, when such corrections are necessary for 
the proper fulfillment of the intention of such draw- 
ings or specifications, the effect of such corrections 
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of the specificfltions, be estimaled and paid fbf.' 
unless such excess shall have bren ordered by llie 
water board as hereinafter set forth. 
^■™- The contractor is to furnish all tcmporsrv 

flumes, all materials and nil tools, impleinenb, 
machinery, and labor necessary or convenient for 
doing all the work herein contracted for, with safely 
to life nnd properly in accordance with this contract, 
and within the time specilied herein; he will ^x 
required to construct nnd put in complete working 
order the work herein specified, and is to perfonn 
and construct all the work covered by this agre^ 
ment; the whole to be done in conformity with Ihi; 
plans and these specifications; and nil parts to be 
done to the satisfaction of the city engineer. 

4. The soil is to be removed from the ground* 
where the dam, embankments, and other work^ ar«; 
to stand. Wherever directed by the engineer suidw^ 
to be hauled and put in spoil banks, to remain uoli *j 
required to be placed over the finished surfaces 0' 
slopes or embankments. The quantities of soi^^ 
removed will be measured in the spoil banlu stK^^ 
paid for as stipulated in article Q. item (a). 

The slopes of the embankment arc to be covereH 
with soil taken from the spoil banks; if any addi- 
tional soil is needed for the work, it shall be 
obtained and taken from such grounds as maybe 
designated by the engineer, and deposited wherever 
ordered by him; all soil removed from the Spoil 
hanks, or from such grounds as the engineer n»y 
designate, shnll be measured in excavation. It will 
be rolled or otherwise compacted, and paid for 1$ 
stipulated in article Q, item {aa). 

All surfaces which r.re required to be afterwards 
sodded or seeded are to be covered with soil at leait 
twenty-four inches in thickness. 
"•* 5. The embankments of the dam. and mch 

other surfaces as may be designated by the engiaeer, 
are to be sodded or seeded with grass seed. 

All the sni-faces to be sodded or seeded arc to 
be carefully graded and particular care taken lo 
make :i true and even bearing for the sods to rest ou. 

The sods to he of good quality of earth covered 
with heavy grass, sound and healthy, and not less 
than one foot square, and generally of a UDifortu 
thickness of three iuches. These si/es may 
altered by the engineer during the progress o" 
work. The sods will be cut with n bcvcl f 
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fiiiles. so that when Inid they will lap at the edges: 
to he properly set so as to liave a full bearing on 
their whole lower surface ; to be padded down firm with 
a spade oi' wooden but mnde suitable for the purpose ; 
each sod is to be pinned with one wooden pin, not 
Jess ihnn fifteen inches long, so as to be secured to 
the ground beneath it, and to be so laid that the 
upper surface shall conform to the true slope of the 
bank or ground and to the lines given by the 
engineer. No lean, poor, or broken sods will be 
allowed in the work, but on the outside edges of the 
bank sods may be cut to such size and shape as will 
make a proper finish to the sitme. The engineer 
may alter all the above sizes during the .progress of 

the work. 

The sodding that shall have been laid .'ihall be 

well and carefuily sprinkled with water as often as 

tbe engineer shall deem necessary. 

6. The engineer may specify the kind, quality, See. 
sind amount of seed to be n§ed on all surfaces 
fUldered to be seeded, and he may also direct the 

rer of seeding, including rolling and watering. 

KAKTil EXCAVATIOM AND EMBANKMENT. 

7. Earth excavation is to be made for the 
Com tid at ions, center walls, etc.. and for any grading 
Chat mav be required either above or below the dam, 
or for any other work in connection with the dam, 
etractures, or appurtenances which the engineer may 
order, but no payment will be mnde for earth or 
«9thor excavation unless specilically staked out and 
wardered by the engineer. The price bid for excava- 
tion will cover alt excavations by the contractor for 
lii^ own convenience or for temporary or protecting 
work, none of which will be measured or estimated 
by the engineer. 

8. Earth excavation is to be made in accord- Bjci 
ance with the lines established by the engineer, and 
the price herein stipulated for earth excavation — 
article Q, item (c) — is to include the work of clear- 

• nar and grubbing the ground of all trees, stumps, 
Ixishes, and roots, and burning or otherwise dispos- 
ing of the same; of sheeting and bracing and sup- 
porting and maintaining all trenches anil pits during 
und after excavation; of all pumping, ditching and 
draining; of clearing the excavation of all wood or 
objectionable materials, of selecting the malc- 
Aaa of hauling and of disposing of the exc.i- 
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vated mutcrJals in making embnnknicuts, in lilMir^ ' 
refilling, and wnsting; o( rolling and watering, am! 
all other labor and expenses incidental to the hanil- 
liiig of the excavated materials. 

9. Whenever, in the opinion of the enginctt, 
the material excavated from the pits and trencliti 
can not properly be disposed of in embankment 01 
for other work at one hauling, it shall be deposited 
in spoil banks, and paid for under article Q, tLem 
(c), and if subsequently ordered to be used in the 
work, it 8hall be paid for a second time under article 
Q, item (cc). 

10. All earth work paid for under article Q. 
items (c) find (fc), shall be measured in excavation.^ 

11. The embankments for tlie dam shall stxiC^ 
from a well prepared base, stepped on elopio 
ground, and shall be earned up in hortzontal lajrets - 
not exceeding four inches in tliicknesa; every layer 
to be carefully rolled, either with heavy grooved 
rollers, or steam rollers, and to be well Tratered. 
The earth to be well rammed with heavy rammert 
at such points as can not be reached by the rollers. 
Special care shall be required in ramming the earib 
close to the center wall, which shall always be kept 
at least two feet higher than the adjoining embank- 
ment, unless otherwise permitted. The embank- 
ments of the dam shall be kept at an uniform height 
on both sides of the m.-isonrv during constniCtiODi 
and at no time will the down-stream half of the dam 
be allowed to be higher tlian the up-stream portion- 

At all times the earth embankment must ht 
kept three feet above the "masonry portion" of tfca 

13. Ample means shall be provided for * 
ing the banks, and any portion of the embanki 
to which a layer is belTig applied shall be so 1 
when required, that water will stand on the suri'ac*. 

The contractor shall furnish at his own cost ibc 
necessary steam pumping plant and force-main for 
forcing water into a tank situated on the side bill, ai 
least fifty feet above the lop of the dam when com- 
pleted. From this tank a three-inch distriburwn 
pipe, fitted with gales and hose connections, will 
lead lengthwise over the dam to supply water whtr- 
ever it may be needed. If the engineer iipproves, 
some other method of equal efficiency for the t 
nishing of water may be substituted for tho 1 
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plant. This work is included in th 
pnid for earlh excavation. 

13. All the grounds covered by the dam and '■Q^Jb^j""'' 
by the borrow pits sliail be cleared of ail soil, stones, 

trees, stumps, or other organic or perishable matter, 
which shall be deposited at such points as shall be 
designated. If the borrow pits are, in the opinion 
of the engineer, sufficiently near the dam, the soil ■ 
or other useful materials may be removed to the 
spoil banks and measured, otherwise they will not 
be measured. Stumps and other vegetable substances 
shall be burned, 

14 . The surfaces of embankments shall be 
dressed smoothly to line and grade to receive the 
soil or broken stones supporting the paving or riprap. 

15. The earth used for the embankments shall 
be free from perishable material of nil kinds, and 
from stones larger than three inches in diameter, and 
it shall be of a quality approved by the engineer. 
The portion of the embankment next to the core- 
wall on the up-stream side of the dam and the refill- 
ing of all trenches will be composed of hard-pan or 
other fine, compact, or selected material approved 
by the engineer, who shall decide upon the quality 
and character of the earth to be used at various 
places, and it must be selected and placed in accord- 
ance with his orders. 

16. All excavation and disposal in embank- c 
mcDts and reSlling of earth, hard-pan, and other 
materials, shall be classified and estimated as earlh 
excavation, and pnid for at the price hereinafter 
stipulated, article Q, item (c). 

ROCK EXCAVATION. 

17. Rock excava'ion is to include the excava- 
tion of all solid rock which can not, in the opinion 
of the engineer, be removed by picking, and of 
bowlders of one cubic yard or more in size ; the price 
hereinafter specified — article Q, item (rf) — to be 
paid for rock excavation shall include the work of 
h;)uling and disposing of the same in spoil banks or 
other places. 

18. Kock excavation shall be measured in 
excavation, and estimated for payment in accordance I 
with the lines given by the engineer. No excavation 
outside of these lines will be estimated. 

19. Rock is to be excavated for the foundations 
of the dam, core-walls, and gate-house, and wherever 
the engineer may ortler. 
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20. In liic wall anil pipe trenches find 'nflrf^ 
foumlation for (lie gale-house or other structurtt. 
the rock is to be shaped roughly in steps or other 
form that may be ordered by the engineer. 

The price bid for rock excavation is to indudc 
the cost of supporting and maintaining the exruva- 
tions, of pumping and draining, of disposing of ihe 
excavated materials as ordered by the engineer, anil 
all other incidental expenses, 

21. All rock excavation In the wall Ircnchci 
and at any other place desigiiatcd by the engintcr i' 
to he made with explosives of a moderule power, 
nnder his directions, and not with high exploMvci. 
Black powder may be ordered by him to be used in 
special cases. 

23. All rock surf.ice intended for mtisonty 
foundation must be freed from all loose pieces, anil 
be firm and solid, and prepared as directed^ 

POUNDATION WOIIK. 

23. The foundation work for the cenl 

of the dam and for other structures is to be ext ,. . 

to such depth and in such a manner as shall }>^. 
ordered hy the engineer. In bad bottom, she(F^ 
piling, tonged and grooved, may be ordered to b H 
driven or placed on one or more sides of the wotls^ 
If the material of excavation is such, in the optaio^ 
of the engineer, as to require especial ptecnutlon % 
the trenches for the centre wall and for oilier sUwc-""^ 
tures may be ordered extended to a great deptb J 
beyond the indications of the plans. The positiot' 
of the bed rock being uncertain, it is impossible U 
indicate the bottom of the core-wall with accorac) 
and it is distinctly understood that the lines for th 
foundation shown on llie plans are not guaraatvcc^ 
by the city to be correct. 

PROTECTIVE WORK. 

24. The contractor will be required at I 
expense to take care of all water which 1 
down the stream during the progress of the 1 
and to make good any damage done to the dan 
from freshets or other action of the water c 
elements. 



35- Timber may be ordered used for plu 
for permanent sheel-piling, and for olber pel 
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Ha. It sltali be of the Mzes itnd placed in the 
Lspner ordered by the engineer. 

26. AD timber and lumber so used shall be 
inice, sound, straight grained, and free from all 
lakes, loose knots, and other defects thnt may 
npair its strength and durability. The price bid 
ir timber shall cover all incidental expenses incurred 
ir labor, or for tools or mnteriuls used in placing, 
icuring, and fastening it. 

27. No payment shall be made to the con- 
nctor for lumber used for brakring, sheeting, scaf- 
ildin^, and other temporary purposes. 

28. v\ll sheeting and other limber work tn the 
Eiiches and pits shall be removed nnless it is 
rfered left in, in which cose such timber shall be 
lid for as herein stipulated — aiticle Q, item (e) — 
r permanent limber work. 

39. The timber to be usi^d for sheet-piling in i 
B foundations and other places may be ordered 
rigued and grooved. Such timber shall be fnr- 
ihed and placed as ordered, and the price herein- 
ter stipulated — article Q, item (cc) — for tongued 
d grooved timber is to cover the cost of placing, 
iving, securing, end fastening the same. 

MASONRY. 

30. All masonry, e\cepl where otherwise spec- 
fd, shall be laid iu hydranlic cement mortar, and 
all be built of the forms and dimensions shown on 
• plans, as directed by the engineer from time to 
«e, and the system of bonding ordered by the engi- 
er shall be strictly followed. 

31. All beds nnd joints must be entirely filled 
th mortar, and tbe work in all case^ shall be well 
d thoroughly bonded. 

32. Care must be taken that no water shall , 
tcrforc with tbe proper laying of masonry in any 

Us parts. 

33. All means used to prevent water from 
[erfering with the work, even to llie extent of fur- 
ihing and placing pipes for conducting the water 
tay from points where it might cause injury to the 
9rk, iDUrt be provided by the contractor at bis own 

34. Under no circumstances will masonry be 
lowed to be laid in water. 

All iron-work, except the sluice-gates, is ) 
1 3n the masonry without other compensa- 
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i<oii tlmn the price herein i>tipu]atcd to be paid pci 
cubic yard of masonry. The pipes, special cnsimgt 
and other iron work will be furnished and deliren! 
by the city on the site of the dam, and miisl then be 
carefully protected, handled and laid by tlie cou- 
tractor in a tiiorough manner nsdirecled by tlic engi- 
neer. 

''wewfet 3^' ^'' masonry is lo be built belwe.en the 

i5lh of November and the 15th of April, or in free*.— 
ing weather, except by permiBsion of the engine«r — 
All masonry 10 be amply protected from tli^S 
action of frost during the winter. The contractor* 
will be required to make good any damage resaltin^^ 
from frost on any portion of the work. 

Sprinkling. gy ^,1 fj.ggij masonry, if allowed lo be buil^ 

in freezing weallier, must be covered and prolecicci 
in a manner satisfactory to the engineer, and durtn<^ 
hot weather all newly-biiilt masonry shiill be kcp^v 
wet by sprinkling water ou it with n sprinkling po^ 
until it shall have become hard enough to prevent 
its di'ying and cracking, and if necessary ciinvas^^ 
coverings must be provided. 

gjmjni 3S. American cement and Portland cemi 

are to be used. The American cement must be in 
good condition and must be equal in quality to the best; 
Rosendale cement. It mutt be made by manufae- 
tnrers of established reputation, must be fresh and 
very fine ground, and m well-made casks. The 
Portland cement must be of a brand equal in quality 
to the best English Portland cement. To insure il» 
good quality, all the cement furnished by the con- 
tractor will be subject to inspection and rigorous 
teats; and if found to be of improper qiialtly. will 
be brimded and must be immediutely removed Irom 
the work; the character of the tests to be determined 
by the engineer. The contractor shall, at all times, 
keep in store at some convenient point in the vicinity 
of the work, a sufficient quantity of cement to alio** 
ample time for the tests to be made without delay 
to the work of construction. The engineer shall lie 
notified at once of each delivery of cement. It shall 
be stored in a tiyht building, each cask mast he 
raised sevcr.al inches above the ground, by blocki 
or otherwise, 

39. Cement is generally to be used in tbe ft 

of mortar with an admixture of sand, and wl 

used, its use is included in iheprice herein stipulale^ 
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for the various kinds of mnsonry. For the founda- 
tion work, however, Portland cement may be 
orilcreci by the engineer in exceptionally wet and 
difficult places, to be used wiiii or without any 
admixture of sand for grouting seams or for such 
other purposes as he may direct. The cost of plac- 
ing said cement will be paid by the cily, the price to 
be paid to be estimated by the engineer unless other- 
- wise stipulated. Such cement is to be paid for per 
barrel of four hundred pounds, furnished and deliv- 
ered by the contractor at the place where it must be 
used. See article Q, iiem (/). 

40. All mortar shall be prepared from cement j 
of the quality before described, and clean, sharp 
sand. These ingredients shall be thoroughly mixed 
dry. as follows: The proportion of cement ordered, 
by measure, with the ordered proportion of sand, 
also by measure; and a moderate dose of water is to 
be «ftei-wards added to produce a paste of proper 
consistency; the whole to be thoroughly worked 
with hoes or other tools. In measuring cement it 
•hall be packed as received in casks from the manu- 
facturer. The mortar shall be freshly mixed for die 
work in hand, in proper boxes made for the purpose ; 
no mortar to he used that has become linrd or set. 
If the mortar ingredients are mixed at some distance 
from the work, water shall not be added until the 
mortar bas been brought to the dam und is ready for 

41. The price herein stipulated for the various 



n the use of a mortar 

a volume of Amer- 

Additionat prices 

of mortars formed 

and sand. Article 



kinds of masonry is contingent o 
made ol a mixture of one part i; 
iciin cement to two parts of sand 
arc herein stipulated for the u 
with a different mixture of ccme 
Q, items is), (O, C«). (.^)- 

43. The concrete shall be formed of sound , 
broken stones or screened gravel stones not exceed- 
ing two inches at their greatest diameter. All stones 
iu aoy way larger arc to be thrown out. The mate- 
rials to be cleaned from dirt and dust before being 
used; to be mixed in proper boxes, with mortar of 
ifte (juslity before described, in Oie proportion of five 
parts of broken stone to one part of cement; to be 
laid immediately after mixing, and to be thoroughly 
compacted throughout the mass by ramming till the 
water flushes to the surface; the amount of water 
used for makiug the concrete to be approved or 
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directed by the engineer. The concrete shall Iw: 
allowed to set for twelve hours, or more, if so direaetf. 
before any work shall be laid upon it; and no wiilk- 
ing over or working upon it shall be allowed while it 
is setting. Article Q, item (g). 

43. Whenever ordered by the engineer the con- 
crete shall be formed of broken stone not exceeding 
one inch at their greatest diameter, used in the pro- 
portion of three parts of broken stone to one pait o:£ 
cement. Article Q, item (_gg). 

44. The up-stream faces of all core-walls, an£-3 
such other surfaces as the engineer may direcr, wtl - 
be thoroughly plastered with a half inch coat of Port — 
land cement plastering put on in two portions as fol-— 

ating of Portlanr: : 



lows : Next the concrete a thick ■ 
cement mortar will be put 
portion o£ one part of cement to one 
to a uniform surface and left rougl 
be smoothly spread with ti'owcls a ci 
land cement which shall be thoroi 
make a perfectly water-tight surface. 



I the \ 
of sand, rubbci=:=3 
I ; over this wil 
»nt of neat PoH- 
ighlv worked ic 
All pl«si«rii.^^_ 
will be measured and paid for by the square yard o — - ~t 
superficial surface as per article Q. ilcra (^). 

45. Thebricksshallbeoflhebestquulityofhnnl' — 
burned bricks; burned hard entirely through, rcgulai 
and uniform in shape and size, and of compact text— - 
ure. To insure their good quality, the bricks fur--"^ 
nished by the contractor will be subject to inspection^ 
and rigorous tests, and if found of improper qualify*" 
will be condemned, the character of the tests to b^^- 
determined by the engineer. They are to be cullcc^ 
before laying at the expense ot the contractor, ani.^^ 
all bricks of an improper quality shall be laid 3sid<^ 
and removed; the engineer to be furnished withmeis 
for this puqiose bv and at the expense of the can 
tractor. 

46. All brick masonry shall be laid with brick 
of the quality before described and in Portland cemen.^ 
mortar mixed one part of cement to two of sand — 
No "bats" shall be used except in the hackings 
where a moderate proportion (to l>e determined b ^ "> ' 
the engineer) may be used, but nothing smaller ih;ir^— ■ 
'■half bricks." The bricks to be thoroughly wet jus^' 
before laying. Every brick to be completely imbc<^^" 
ded in mortar under its bottom and on its side s ' 
Care shall be taken to have every joint full of morte^r 
and all joints shall be pointed. 
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47. All centering shall be made, put up, ami ^ 
removed in a m;inncr satisfactory to the engineer. 

4S. All stone masonry is to be built of sound, ' 
clean quarry grnnite stone of quality and size satis- 
factory to the engineer; til! joints to be full of 
mortar, unless othei-wise specified. 

49. Paving is to be laid without mortar, and is , 
to be used for portions or the whole of the slopes 



the dai 






r plac 



; that 



leasured in accordance 
twings or ordered dur- 
The stones used must 
egular projections and 
red off. No stone will 
n the depth represented 



1 embankments, a 
lesignated. 
This work is to be n 
with tlie lines shown on the dn 
ing the progress of the work, 
be roughly rectangular ; all 11 
feather edges must be hammi 
be accepted which has less thi 

on the plans or ordered. Each stone used must be 
set solid on the foundation of broken stone or earth 
and no interstices must be left. 

51. After the slopes which are to receive the , 
paving bavc been dressed, a layer of broken stone, 
' nine inches thick or less, is to be spread as a foiinda- 
lion for the paving wherever ordered. The broken 
■tone must be sound and hard, not exceeding two 
inches at the greatest diameter. Broken stones may 
be used also wherever the engineer may direct, and 
pKid for under this head. Article Q, item (/). 
^e cost of the broken stone used for making 
concrete is included in the price hereinbefore stipu- 
lltcd for concrete laid. 

5a. Riprap instead of paving may be used for 
covering a large poition of the dam slopes, and * 
wherever the engineer may order. It shall be made 
of stone of such size and quality and in such manner 
ns he shall direct, and must be roughly laid by hand. 
It will generally be put on in thick layers, and if 
found cheaper will probably be substituted for paving 
on the lower slopes of the dam below the berm. 

53. Rubble-stone masonry is to he used for the f 
central part of the dam, for ihe wing-walls of the 
earth embankments, for the gate-house, and wherever 
ordered by the engineer. 

It shall be made with sound clean stones of com- 
pact texture, free from loose seams and other defects. 
They must have roughly rectangular forms, and all 
irregidar projections and feather edges must be 
hammered oft before the stones are set. The beds 
25 
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must be good for materials of this clnss and tlnx 
present such even surfaces that when lowerinf i 
sloue on the snrface prepared to receive It, there 
may be no doubt that the mortar will fill all spiui. 
•After the bed-joinis are thus secured, a moderale 
quantity of spalls can be used in the preparation of 
suitable surfaces for receiving other stones. No 
spalling up under a stone after it* is laid will be 
allowed, neither will any giouting or filling otjointi 
be allowed after the stone is set. Especial care i> to 
he taken to have every stone entirely surrounded hj 
mortar. 

The quality of the beds is to regulate, lo a large 
extent, the size of the stones used, as the difficulty of 
forming a good bed-joint increases with thesiwof 
the stones. Various sizes must be used. 

Generally the largest stones are not to mcaiUrt 
more than twenty cubic feet, and they are to be uicJ 
in the proportion of about twenty-five per cent. o£ 
the whole, but they must be omitted partially or 
entirely if their beds are not satisfactory. It ii 
expected that one quarter of the stones used will be 
of such size that two men can handle ihem. The 
balance to be composed of intermediate siw*- 
Regular coursing to be avoided. 

54. The exposed faces of the wing w«ll»i 
retaining walls, and of any other rubble work thatthe 
engineer may designate, are to be made of broke" 
ashhir with joints not exceeding one half inch Id 
thickness; the stones not to be less than laindKi 
deep from the face, and to present frequent headdf- 
The joints shall be pointed with neat Portlwd 
cement. This face work is to be paid for by tli« 
square foot of the superficial aiea for which it"' 
ordered in addition to the price paid per cubic y»rd 
of rnbble-stone masonry, but the right is re5cr\-eil "> 
change this masonry to range work, should il be f<" 
the interest of the city so lo do. Article Q, item (*)- 
It jij. The outer faces of the masonry dam, aiwl 

if found be§t the gatc-chamher and any otbn 
masonry that may be designated, are to be made of 
range stones, as shown on the plans, the stones 10 b« 
of unobjectionable quality, sound and durable, fr« 
from all scams and other defects, aud of such kwi 
as shall be approved by the engineer. They shall 
be pointed with neat Portland cement. 
i joints 



a depth of not n 



s tha. 



iche 
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■jHnche* from the f:ices and to surfaces allowing of 
one half inch joiiijs at most; the joints for the 
5 part of the atones not to exceed 2 inches 
mess at sny point. 

All cut arrises to be true, well defined, nnd Ani 

^7. Where this class of masonry joins willi 
lension stone masonry the coiirsei must corres- 
pond, and the joining with arches and other dimen- 
«on ttone masonry must be accurate and workman- 

|£ach course to be composed of two stretchers ^*" 
T one header alternately, the stretchers not less 
i 3 feet long nor more than 7 feet lon^, 

58. Tbc rise of the courses may vary from bot- *•<"' 
torn to top from 30 inches to 15 inches in approxi- 
mate vertical progression, and the width of bed of 
the stretchers is not to be at any point less than the 
height nor less than 34 inches. The headers are not 

to be le^s than 4 feet in length. 

This class of masonry, including the headers, is *^f^ 
to be estimated at yi inches thick throughout. In no 
citse are the tails of the headers to be estimated. 

59. The coping of the wing walls will be ^°v 
classed as coping stone masonry. The surfaces will 

be rough pointed to the circular forms given. The 
capping Etonea to the posts will be estimated as 
dimension stone wilb hammered surfaces. 

60. The prices herein stipulated for range and '*''' 
broken ashlar stone masonry are to cover the cost of 
poialin{f, of cutting chisel drafts at all corners and 
angles in the work, and of preparing Che rock faces; 
but if any six-cut work is ordered in connection with 
this class of masonry it shall be paid for at the pi ices 
hereinafter stipulated for such work. Article Q, 
iiem (r). 

61. The face bond must not show less than 
13 inches lap unless otherwise permitted. 

62. The pointing of the faces of all masonry ^°'' 
in the dam, gate-bouse, and wings to be thoroughly 
done with neat Portland cement after the structures 
arc completed, every joint to be raked out therefor 

> a depth of at least 2 inches, and if the engineer is 
smisfiGd that the pointing at any place is not properly 
done it must he taken out and done over again. The 
I mixed, in small quantities and applied 
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63. Dimension slone masonry must be m»i!c 
*' of firsl-class granite of moderately uniform color, 

free from all seams, discoloration, and olher defects, 
jnd satisfaclorv lo the engineer. The atones shull 
be cut to exact dimensions, and »11 itngles and nrrist-' 
shall be true, well defined, and sharp. All bed-, 
builds, and joints are to be dressed for ihe full depth 
of the stone, to surfaces allowing of one quarter {,'i) 
inch joint at most. No plug-hole of more than (1 
inches across or nearer than 3 inches to an arris I^io 
be allowed, and in no case must the aggregate nm 
of the plug-hole in any joint exceed one quarter oi 
its whole area. 

The stone shall be laid with one quarter (.!f) 
inch joints, and all face joints shall be pointed wil'i 
mortar made of neat Fortland cement, applied bcfoic 
its 6rst setting. All joint; to be raked out to a depiti 
of two inches before pointing; the cost of pointing 
to be included in the price stipulated for cut stoacr 
masonry. 

64. In rock face work the arrises of t]iv 
Stones enclosing the rock face must be pitched to 
true lines; the face projections to be bold, and from 
3 to 5 inches beyond the arrises. The angles of all 
walls or structures having rock faces are to be 
defined by a chisel draft not less than Ij4 " ''^ 
wide on each face. 

, 65. In fine hammered work the face 

stones must be brought to a true plane an 
dressed, with a hammer having six bindcs ) 
inch. 

For fine hammer- dressing (six-cut vrorlc 
price stipulated in article Q, item (r). per : 
cial square foot of dressing will be paid in sdid 
to the price per cubic yard of masonry. 

66. No payment will be made for __ 
grooves and recesses other than ihe pncc paid for 
(he dressing of their surfaces, which arc to be fine 
hammered. 

67. The contractor will build a walk upon the 
top of the earthen embankments. It will trc S feet 
wide and 1 foot in depth, composed of broken stone 
() inches in depth and a ihin l.tyer of selected scrc«n- 
ings and binding gravel (as ordered). The surface 
will be moistened and rolled with n hand roller as 
directed. The broken stone screenings and erare] 
used in this walk will not be included ' 
measurement. Payment will be m.idc 
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walk according; to the nmnbcr u£ lineur or ruii- 
|(cct it may coiii.iin. 

OENBRAL CI-AfSRS. 

If any person emploved by llie contnictor '"" 
pie work should appear to tlie engineer to be 
Ittpetenl. or to act in a disorderly or impropt-r 
nnnncr, he sliall be discharged immediately on the 
requisition of the eiiffinecr, and such person shall not 
be again employed on the work. 

69. Any materi:its condemned or rejected by *'" 
Engineer or his representatives may he branded, 
^rtberwise marked, and shall, on demand, he 
f nee removed to a sutisfactory distance from the 

1. Any unfaithful or imperfect work which ^"^f 
B discovered before the final acceptance of the 
i shall he corrected immediately, and any unsat- 
isfactory materials delivered shall be rejected on the 
requirement of ihe engineer, notwithstanding that 
they may have been overlooked by the proper 
itisucetor. The inspection of the work shall not 
relieve the contractor of any of his obligations to 
perform sound work, as herein prescribed; and all 
»urk, of whatever kind, which, during its progress 
and before it is Bnally accepted, may become dam> 
aged from any cause shall be removed, and replaced 
bv good and satisfactory work. 

71, Whenever the contraetor is not present on Otdi 
any part of the work where it mav be desired to 
give directions, orders will be given by the engineer 

to, and shall he received and obeyed by, the super- 
intendent or foiemnn who may have charge of (he 
particular work in relation to which the orders are 
given. 

72, In all the operations connected with the work l»w 
herein specified, all laws or regulations controlling 

or limiting in any way the actions of those engaged 
on the works, or affecting the methods of doing the 
work or materials applied to it, giust be respected 
and strictlv complied with ; and during the progress 
of the work the contractor shall provide such precau- 
tions -IS may be necessary to protect life and 
property. 

73, After the completion of the work the con- cica. 
tractor is lo remove all temporary slrnctares built by 

pit. and all surplus materials of all kinds from the 
"f tllc work, and to leave tliu^m in jicliI condition. 
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Mem*. 



. H. The contractor agrees that he will give his per- 
sonal attention to the fulfillment of ihis contract ; and 
that he wil! not sublet the aforesaid work, but will 
keep the same under his control, and that he will not 
assign, by power of attorney or otherwise, any por- 
tion o£ the said work, unless by and with the previous 
consent of the water hoard, to be signified by 
endorsement on this agreement. 

I. The contractor shall fmnish the necessjirv 
scaffolding, ways, and all necessary means and con- 
veniences for the transfer of the material to its 
proper place and for its erection. And it is also to 
be understood that the city shall not be held respon- 
sible for the care or protection of any materials or 
parts of the work until its final acceptance. 
J. It is further agreed that the engineer, or his 
authorized agent and assistants, shall at all times 
have access to the work during its progress ; and he 
shall be furnished with every reasonable facility for 
ascertaining that the work being done is in accord- 
ance with the requirements and intention of this 
contract. 

, K. Should it be found desirable by the water 
board to make alterations in the form or character of 
any of the work, the said water board may order 
such alterations to be made, defining them in writing 
and drawings, and they shall be made accordingly; 
provided, that in case such changes increase the cost 
of the work, the contractor shall be fairly remunera- 
ted; and in case they shall diminish the cost of tiie 
work, proper deduction from the contract price shall 
be made; the amount to be paid or deducted to be 
decided by the city engineer. 

L. The contractor hereby agrees that he will do 
such extra work us may be required by the water 
board for the proper construction or completion of 
the whole work herein contemplated; that he will 
make no claims for extra work unless it shall have 
been done in obedience to a written order from the 
said water board^or their duly authorized agent; that 
all claims for extra work done in any month shall be 
filed in writing with the engineer before the fifteenth 
of the following month; and that, failing to file such 
claims within the time required, all rights for pay for 
such extra work shall be forfeited. The price to be 
paid for all extra work done shall be its actual rea- 
soniible cost to the contractor, as dclermined by t 
city engineer, plus iifteen per cent. 
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ictor IS to use sucli applia 



s for ilic 



performance of nil the operations connected witli the- 
work embraced under this contract as will secure ;i 
satiefftClory quality of work and a rate of progress 
which, in the opinion of the engineer, will secure the 
completion of the work within the time herein speci- 
fied. If, at any lime before the commencement or 
during the progress of the work, siich appliances ap- 
pear to the engineer to be inetficient or inappropriate 
for securing the cjiiality of the work required or the 
said rate of progress, he may order the contractor to 
increase their eBiciency or to improve their character, 
aad the contractor must conform to such order; but 
the failure of the engineer to demand such incrcnse 
of efficiency or improvement shall not relieve the 
contractor from his obligation to secure the quality 
of work and the rate of progress established in iheae 
•■pecilr cations. 

N. The said contractor further agrees that if the 
work to be done under this contract shall be aban- 
doned, or if at any time the engineer shall be of the 
opinion, and shall so certify in writing to the water 
Vioani, that the said work is unnecessarily or unrea- 
sonnbly delayed, or that the said contractor is willfully 
violating any of the condiliona or agreements of this 
contract, or is not executing said contract in good 
fnilh, or fails to show such*progress in the execution 
of the work as will give reasonable grounds for an- 
ticipating its completion within the required time. 
the said water board shall have power to notifv tlie 
said contractor to discontinue all work, or any part 
thereof, under this contract; and thereupon the said 
contractor shall cease to continue said work, or snih 
port thereof, as the said water board may designalc; 
and the said water board shall thereupon have the 
right, at their diicretion, to contract with other par- 
ties for the delivery or complelion of all or any part 
of the «ork left uncompleted by said contractor, or 
for the conection of the whole or any part of said 
work. And in case the expense so incurred by said 
water board is less than the sum which would have 
been payable under this contract if the same had been 
completed by the said contractor, then the said con- 
tractor ahitl I be entitled to receive the difference; and 
in case such expen§c shall exceed the last said sum, 
then the contractor Hhall, on demand, pay the amount 
city, on notice from the 
ess so due; but such ex- 
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cc$s to be paid by the contracior shull not exceed the 
nitiount of the security for the performance of this 
contract. 

O. The said contractor further agrees that the said 
water board may, if they deem it expedient to do so, 
retain out of and amounts due to the said contractor 
sums sufficient to cover any unpaid claims of 
mechanics or laborers for work or labor performed 
under this contract; provided, that notice in writing 
of such claims, signed by the claimants, shall have 
been previously filed in the office of the city clerk. 
P. The said contractor further anjrees that he will 
indemnify and save harmless said city from all claims 
against said city, under chapter one hundred and 
ninety-one of the Public Statutes of Massachusetts, 
and any laws passed since the Public Statutes, with 
reference to liens on buildings and lands, for labor 
done and materials furnished under this contract, 
and shall furnish the said water board with satis* 
factory evidence, when called for by them, that all 
persons who have done woik or furnished materials 
under this contract, for which the said city mav 
become liable, and all claims from the various 
dcparlmcnta of the city government, or private cor- 
purations, or individuals, for damage of any kind 
caused by the construction of said work, have been 
fully paid or aatisfaclorily secured ; and in case such 
evidence is not furnished, an amount necessary and 
sufHcient to meet the claims of the persons aforesaid 
shall be retained from any moneys due, or that m»y 
become due, the said contractor under this contract, 
until the liabilities aforesaid shall be fully discharged 
or satisfactorily secured. 

The said contractor fuither agrees th.it he will 
indemnify and save harmless the said city from all 
suits or actions, of every name and description, 
brought against the said city for or on account of 
any injuries or damages received or sustained by 
any person or persons, by or from the said coo- 
tractor, his servants or agents, in the construction of 
said work) or by or in consequence of any negli- 
gence in guarding the same, or any improper mate- 
rials used in its constniction, or by or on account of 
any act or omission of the said contractor or his 
agents; and tlie said contractor further agrees that 
so much of the money due him under and by virtue 
of this agreement a!> shall be considered necessary by 
the said cngnieer may be retained L>y the said litv 
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[ all such suits or claims 
said shall have been settled, 
effect furnished to the satisfncli 



for dnmnges as afore- 

and evidence to that 

■f the said cngi- 



Q, And tile said contractor further agrees to receive 
the following prices as full to mpens.it ion for furnish- 
ing nil the m.ilerials, and for doing all the work con- 
templated and embraced in this agreement ; also, for 
all loss or damage arising out of the nature of the 
work aforesaid, or from the action of the elements, 
or from any unforeseen obstiuction or difHculties 
\%hicli may be encountered in the prosecution of the 
same: and for all risks of every description con- 
nected with the work; also, for all expense incurred 
by or in consequence of the suspension or discon- 
tinuance of said work as herein specified, and for 
well and faithfully completing the work, and the 
whole thereof, in the manner and according to the 
plans and specifications, and the requirements of 
the engineer under them, to wit: 

(a) For the removal of soil excavated and 
placed in spoil bnnks, including all incidental work, 
the sum of ($ ) per cubic yard. 

(tfd) For the removal of soil taken from spoil 
banks or from other places and placing on the slopes 
of the embankment, including all incidenlxi! work, 
llie sum of ($ ) per cubic yard. 

(4) Porsodding, including all incidental work, 

the sum of ($ ) per superficial square 

yard. 

(W) For seeding, including all Incidental 
work, the sum of ($ ) per acre. 

(e) For eaith excavation, mcltiding its dis- 
posal in embankments and rehlliDg, or as otherwise 
ordered by the engineer, and all incidental work, the 
sum of ($ ) per cubic yard, 

(cc) For rehandling of excavated materials 
fi-om spoil banks, and placing, including all incident- 
al work, the sum of ($ ) per cubic yaid. 

(^) For rock excavation, including its dis- 
posal, and all incidental work, the sum of 

($— ) per cubic yard. 

(tf) For permanent timber work, except 
tougued and grooved timber 



hntal work. 



the ! 
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.($- 



-) pel" 



COMPLETE SPECIFICATIONS. 

(tfe) For permanent timbei woik, tongued *nl 
grooved, placed, including all incidental work, the 
sum of ($ ) per thousand feel B. M. 

(J") For Portland cement ordered by the en- 
gineer, delivered where ordered on the work, in bar- 
rels containing four hundred pounds, including all 
incidental work, the sum of ($ ) per 

(g) For concrete masonry, in place, formed of 
five p;irts of broken stone or screened gravel, to one 
part of cement, and made with American cemenl 
mortar mixed in the proportion of one part ofcement 
to two parts of sand, including all incidental woik. 
the sum of ($ ) per cubic yard. 

(ffg') For concrete masonry, in place, formei) 
of three parts of broken stone or screened gravel 10 
one part of cement and made with American cement 
mortar mixed in the proportion of one part of cement 
to two parts of sand, including all incidental work, 
the sum of ($ ) per cubic yard. 

(A) For plastering all concrete walls wlib 
Portland cement, including all incidental work, the 
sum of ($ ) per supcrflcial square yanl. 

(0 For brick masonry, laid in PortlsoJ 
cement mortar mixed iu the proportion of one part 
of cement to two parts of sand, and incluiling nit 
pointing, centering, etc.. and removing the samCi 

and all incidental work, the sum of ($ ) 

per cubic yard, 

(7) For paving in place, including, nil inci- 
dental work, the sum of {$ ) per cubic 

yard. 

(i) For riprap in place, including all ioci- 

denlal work, the sum of ($ ) per cubic 

yard. 

(/) For broken stone in place (other than that 
used in making concrete and the walk), including 

oil incidotital work, the sum of ($ ) per 

cubic yard. 

(m) For rubble-slone masonry. laid in Amen- 
can cement mortar mixed in the proportion of one 
part of cement to two parts of sand, including ali 



cidcntal M 






rk, the 



nof — 



•(*- 



(«) For face work of broken oslilar, iaj 



price 
J pointing 



paid per cubic yard as ; 
e:it Portland cemeat, 1 
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incidental work, the sum o£ ($ ) per 

tnperiicial squnre foot. 

(ff) For facing stone masonry of range stones 
Itid in American cement mortar mixed tn the pro- 
poriion of one part of cement to two parts of sand 
Md pointing in neat Portland cement, including all 

incidental work, the sura of ($ ) per cubic 

yjrd. 

{^) For coping laid in place, and pointed in 
neat Portland cement, inclnding all incidental work, 

the sum of ($ ) per linear or running 

foot. 

(y) For dimension stone masonry laid in 
American cement mortar mixed in tlie proportion of 
one part of cement to two parts of sand, including 
pointing in neat Portland cement, centering, etc., 

and all incidental work, the sum of ($ ) 

per cubic yard. 

(f) For fine hammer dressing (six-cut work) 

the sum of ($ ) per superficial square 

foot. 

(5) For all kinds of masonry laid in American 
cement mortar mixed in the proportion of one part 
of cement to one part of sand, in addition to tlie 
prices per cubic yard hereinbefore stipulated to be 
paid for the same class of masonry laid in American 
cement mortar mixed in the proportion of one part 

of cement to two parts of sand, the sum of 

($ ) per cubic yard. 

(0 For all kinds of masonry laid in Portland 
cement mortar mixed in the proportion of one part 
of cement to one part of sand, in addition to the 
prices per cubic yard hereinbefore stipulated to be 
paid for the same class of masonry laid in American 
cement mortar mixed in the proportion of one part 

of cement 10 two parts of sand, the sum of ■ 

{$ ) per cubic yard. 

(«) For all kinds of masonry laid in Portland 
cement moitar mixed in the proportion of one part 
of cement to two parts of sand, in addition to the 
prices per cubic yard hereinbefore stipulated to be 
paid for the same class of masonry laid in American 
cement mortar mixed in the proportion of one part 

of cement to two parts of sand, the sum of 

($ ) per cubic yard. 

(v) For all kinds of masonry laid in Portland 
cement mortar mixed in the prop-jrtion of one part 
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int to tlii'ce parts of s.inc), in Btl< 
price per cubic yard hereinbefore stipulated 
paid for tlic same class of masonry laid ' 
cement mortar mixed in the proportion of 
of cement to two parts of sand, the sum o 
($ ) per cubic yard, 

(w) For building wallt. including 

dental work, the sum of ($ ) perl 

or running fool. 

(at) For all extra work done by wntten 
of tlie Boston Water Board, its actunl rcasoi 
to the contractor, as determined by the < 
plus fifteen per cent, of said cost. 
R. And it is agreed tliat payment toi 

embraced in this contract shall be made in 
lowing manner: 

A payment will be made, on or about ibc firs 
day of each month, of 85 per centum of the valued 
the work completed in place by the contractor on 
the fifteenth of the previous month, ns eslimaleii bf 
the engineer. 

Provided, however, that the making of (adi 
payment may be deferred from month to moiHh, 
when, in the opinion of the engineer, the value of 1 
work done since the last estimate for payment i* leu 
than one thousand dollars. 

The said contractor further agrees that be ahull 
not be entitled to demand or receive payment for 
any portion of the aforesaid work or mnterials, until 
said work shall have been completed to the sati»f<c 
tion of the city engineer, and the said city engineer 
shall have given his certilicate to that effect; where- 
upon the said city will, within forty days after mch 
completion, and the delivery of such ccrtificnie. pay 
the said contractor the whole amount of moucy 
accruing to tlie said contractor under this contract, 
excepting such sum or sums as may be lawfully 
retained by said city. 

Provided, that nothing herein contained be con- 
strued to affect the right hereby reserved of the 
water board to reject the whole or any 
the aforesaid work, should the said certilicatsj 
found or known to be inconsistent with the tci 
this agreement, or otherwise improperly giv 
S. The parties hereto further agree that this 
tract shall be in writing, aud executed in triplii 
one of which triplicates shall be kept by the 
enguieer, one to be delivered to llic city nai"" 
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said Boston, and one to the 6aid contractor; that 
this contract shall be utterly void as to the said city 
if any person appointed to any office, or employed 
by virtue of any ordinance of said city, is either 
directly or indirectly interested therein. 

And the said contractor further agrees that he 
will ^execute a bond in the sum of one hundred 
thousand dollars ($100,000) and with such sureties 
as shall be approved by the said Boston Water Board, 
to keep and perform well and truly all the terms and 
conditions of this contract on his part to be kept and 
performed and to indemnify and save harmless the 
said water board as herein stipulated. 
T. And it is also to be understood and agreed 
that, in case of any alterations, so much of this 
agreement as is not necessarily affected by such 
alterations shall remain in force upon the parties 
hereto. 

U. And the said contractor hereby further agrees 
that the payment of the final amount due under this 
contract and the adjustment and payment of the bill 
rendered for work done in accordance with any 
alterations of the same, shall release the city from 
any and all claims or liability on account of work 
performed under said contract or any alteration 
thereof. 

In Witness Whereof^ the parties to these pres- 
ents have hereunto set their hands the year and day 
first above written. 
The City of Bos- i 

ton^ by its Bostotil 

Water Board, \ 



Signed in the presence of 



Know all Men by these Presents^ 

That v^re 

are held and firmly bound unto the CITY OF BOS- 
TON, in the sum of — 

dollars, to be paid to the CITY OF BOSTON, or 
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igns, fm I 



its cerlain attorney, its successors and assigns, I 
which payment, well and truly to be made, we bind 
ourselves, our heirs, executors, and administrators, 
jointly and severally, firmly by these presents. 

TAe Condition of this obligation is such that 

if tlie abovc-bounden 

shall well and truly keep and perform all the terms 
and conditions of the foregoing contract for building 

Dam Xo. 5. in the town of Southborongh on 

part to be kept and performed, and shall indemnifv 
and fave harmless the said CITY OF BOSTON, 
as therein stipulated, ihcn this obligation shall be of 
no effect; otherwise it shall remain in full force and 
virtue. 

In Witness Whereof, we hereto set our hands 

and seals on this day of in the year 

eighteen hundred and nineiy-ihrce. 



Signed and Sealed in presence of 



r 



174. SPECIFICATIONS FOR THE STRUCTURAL 
IRON WORK 

OF A 

HOTEL BUILDING, 

TO BE ERECTED ON TBK SOUTHWEST CORNER OF 34TH STRSBT 
AND 5TH AVENUE FOR JOHN JACOB ASTOR. 

H. J. Hardenbbroh, Purdy & Henderson, 

Architect, Consulting Engineers, 

New York. New York and Chicago. 

May, 1895. 
In order to understand the business relations involved in 
the following specifications, some explanation of them is acces- 
sary. 
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^^^Bfessrs. Purdy and Heiiderson, the consulting engineers, 
^^^Buler contract with Mr. H.J.Hardenbergb, aiLiiituct, to£urn- 
F^l^nose parts of the plans and speclRcntions for the building 
which relate to the iron and steel frame work. They are also 
ander contract with Mr. Downey, the agent of the owner, to 
prepare all the shop drawings, to supervise the inspection, to su- 
perintend the erection of the steel frame work, to cjieck all bills 
rendered by the contractor for this portion of the work, and, in 
general, to see that all the contracts relating to this part of the 
building are faithfully fulfilled. The contract for the iron and 
Eteel work was let on a pound basis erected. A separate, set 
of specifications were prepared for the inspection of the work, 
and also one for the use of the computers and draftsmen tn pre- 
paring detail plans. It will thus be seen that the consulting 
engineers are under contract to do a great deal more in this 
matter than is usually expected of the architect, and much more, 
therefore, llian the architect could afford to pay for, if all this 
service had to be remunerated out of his professional fees. In 
the most common practice, the owner checks his own bills, pays 
the contractor for the shop drawings and divides the remaining 
portion of this additional service wiih the architect. Only a 
•mall portion of tlie additional fee paid the engineer by this 
Arrangement is consequently an added expense. It is important 
that consulting engineers should make contracts wilh the owner 
for the additional detail work and supervision as well as with 
the architect for the preparation of the general plans. This 
kind of a double connection is desirable and likely to secure 
■ ]|lw most satisfactory service. 

E steel construction described in these specifications is 

r a new hotel adjoining T\ie Waldorf on the north, cor- 

;t and Fifth avenue. New York city. The 

ilan 350 feet by lOO feet, and is sixteen stories 

: sidewalk, with basement and sub-basement, 

Ing 35 feet below ground. It is the liirgest steel c 
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Gtructed building ever designed, conlaining over lo.tv**' 
tons of structural iron. The exterior o{ the building ib- 
finisfaed with stone lo the height of three stories nbove- 
the sidewallc, and uith brich, with terra colta trimmings, 
above that line. The construction involves m.iny imatual 
conditions, such as a ballroom on the second story too— 
feet long, and 85 feet wide, with vaulted ceiling reaching to— 
the fifth floor. The floors above this great room, ond also tlic= 
roof, are carried on two trussss extending through f our - tlorisi, 
the total load carried by the two being about nine millions 
pDtmds. The cohimns in the walls around this ballroom are 
from 60 to 70 feet in length, and some of them carry over threes 
million pounds euch. There is also a large dining room on tbc-^ 
first floor, which necessitates the use of very heavy trusses, ai 
difficult and costly work. The spaces between the columnt^ 
are unusually long, 35 and 40 feet being common, thus requir- 
ing an unusual quantity of plate girder work. In several other" 
places in the building, rooms extend through two stories, ami 
the roof on three sides has a Mansard slope fifty feet in height, 
with large towers on the three street corners. All the detail* - 
have been worked out with great core, and the business rela- - 
tions of the engineer of construction to both the architect and 
the owner are considered ideal. 

Specifications Explained: These specifications are sup- 
plemental to the contract already entered into tor the construc- 

tural iron and steel work -of this building, between 

.parties of the first part,* and . parties of t 

second part. They are the specifications referred lo in the f 
clause of said contract, and which are to be considered 
of that contract. 

These specifications are intended lo cover all the stmclttral 
iron work in said building. They are intended to co-operate 
with the drawings for the same, both those iumished by the 
architect and those furnished by the engineers as hereinafter 
specified, and what is called for by either, is as binding ss if 
called for by both. They are intended lo describe and provide 
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fInUbetl piece i 
that tbe steel constriii 
in every deiail, and i 
rial entering ititu it is to be first-class, and hi 



vork, Tlie contractor will iinderstaiul 
1 herein described is also to be complete 
ery portion of tlie work, and all mate- 
" -- - ' ■ ■ ill be expected 



to thoroughly understand the construction and to fully intorm 
himtelf in regard to any points thst he may not clearly imder- 
iiand, for what is herein intended to be described, viz. : The 
complete and perfect consiruction of the bitilding is the thing 
retjiiircd. When necessary or desirable, he must apply to the 
architect or the engineers for further details or spcciii cations 
during construction or before proceeding with his work. 

JRequirtments Outlined: This contractor must furnish and 
set all the iron and steel shown or referred to in these spccilica- 
tions and called for by the said drawings hereinbefore referred 
to, and when the erection is completed, he must remove all the 
materials used in performing the work. He must furnish in nil 
cases the exact sections, weights and kinds of material that are 
called for, and he must follow exact details, methods and in- 
structions called for by these specifications and said drawings. 
He must set the iron work as fast as may be considered practi- 
cal in the judgment of the architect, always keeping at least one 
story in advance of the masonry. He will be expected to give 
this work his personal supervision, or have a capable man at 
ail times to take care of it. He must also do all (he cutting and 
fitting that may be required in his work to receive the work of 
other contractors. 

RefertfKe in Case of Dispute: Should any difference of 
opinion or dispute arise in relation to the meaning of these 
specifications, or of the said drawings furnished by either the 
itrchitect or the engineers as hereinafter speci5ed, reference 
must be iiiade to the engineers, but if their decision ts not snt' 
isfiiclory appeal may be made to the architect, whose decision 
on all such paints shall be final and conclusive. 

Dra-Mtngs: The general dimensions, arrangement and sec- 
tions required for the structural iron work herein specified, are 
ihown on the genera! structural iron drawings prepared and fur- 
nished by the architect, and included in pages 

The sections given are those of the Carnegie Steel Com- 
pany's manufacture. In general, these drawings are made to 
Kale, but scale dimensions must never be used. These draw- 
ings, together with ibese specifications, are the property of the 
architect, lo whom all copies must be returned on the comple- 
tion of the work. Detail or shop drawings, including drawings 
ol every part and piece of the work, with all tbe lists, schedules, 
indexes, erection plans or other directions necessary for the 
proper manofaclore, finish and erection of the work covered 
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by these specifications, and llie said general drawings prepalvd 
by the architect, will be maiJe and furnished by the eogineere. 

Blue prints of the shop drawings, lists and schedules, as 
many copies of each as are necessary, but not more than 
will be furnished to the contractor for his use in the manufdc- 
lure of the material. Another complete set of these prints, 
together with one complete set of prints of the erection di 
ings, will be furnished to the contractor for use in ereci 
One complete set of all the drawings, plans, lists and schedules 
will be furnished to the inspector. All the above-mentioned 
prints will be furnished by the engineers, free of expense. 
Additional prints of any of these drawings may be taken by said 
contractor or inspector, if desired, at their own expense, but 
originals taken from the office tor that purpose must be promptly 
returned. 

Orders: All materials required to be furnished or work to 
be done under these specifications or by the said general structural 
iron drawings, prepared by the architect, will be ordered by the 
engineers from time to time with the shop drawings, lists, 
schedules, etc., for the same, as fast as they can be prepared, 
and the contractor for the structural iron work must order no 
material and perform no work under these specifications until 
he has received tlie said detail drawings, lists and schedules (or 
the same. Bolts or other material used temporarily (or 
erection purposes are not included in this specification. 

Extras and Bills: No additional work or material, over and 
above what is called for by said detail drawings, lists and sched- 
ules, prepared and furnished as hereinbefore provided, wilt be 
allowed unless ordered by the architect in writing. When said 
detail drawings,, lists and schedules are received by the coo- 
tractor, they must be immediately examined to determine 
whether the material and work called for by the same may be 
properly classified in the price classijicalion contained in the 
contract hereinbefore referred to, and of which these specifica- 
tions are considered a part; or, in any supplemental agreement 
that may be made to said contract. In case either or both may 
not be properly classified, in said price classification, the engi- 
neers must be promptly notified of the fact in writing, and a 
copy of such notification must also be sent to the architect. If 
no reply, verbal or written, to such notification is received 
within three days, a second notification must be sent the same 
as the first, but, in any case, the work called for by such detailed 
drawings, lists or schedules must proceed without delay, unless 
the contractor shall receive wTitten instructions to the contrary 
from the architect or engineers. 

No bill for extra work ordered by the architect as herein 
provided, or not called for by said drawings, lists or schedules 
will be approved by the architi-ct unless it is rendered imme- 
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inpletioti antl acceptance of said work. All 






y upon t 
hills for malerial or work not properly included 
clasaificaliou hereinbefore relerred to, must be mndc separate 
£rom the bills for work nnd material properly covered by said 
price classification. All bills must be made sufficiently in 
detail to permit of their ready verification. The ofigmals o£ 
all bills most be sent to the engineers, Purdy & Henderson, and 
cxict duplicKlcs must, at the same time, be sent to John 
Downey, parties of the first part in the contract hereinbefore 
referred to. 

Building Lavjs: This contractor must comply with all 
municipal or corporation ordinances and the laws and regula- 
tions relatiog to buildings in the city of New York. 

Hisks: This contrajtor will be liable and responsible for 
any damage to life, limb' or property that may arise or occur to 
any party whatever, either from accident or owing to his negli- 
gence, or that of his employees during the operations of con- 
structing or completing the works herein apecified. 

Hubbith: This contractor must remove from the premises 
all rubbish arising from his operations as the work proceeds 
and at completion of same. 

Signs: No signs of any description will be allowed to be 
placed on or about the building or premises, 

Co-operation and Cleaning Up: This contractor must co- 
opemtc with the contractors for the other parts of the building, 
to that when completed it shall be in accordance with the 
architect's design and a complete and perfect piece of work. 
He must arrange and carry on liis work in such a way that the 
Other contractors shall not be delayed, subject always to the 
ardiJIect When his work is finished he must remove from the 
preniisea all the tools, apparatus, machinery, sc.iffolding, and 
the debris pertaining to his part of the work, and leave the job 
free from all obstruction. 

Kind of Material Required: All material required for 
the trusses, and all the materia! required for the flanges of 
Hvetcd girders must be open hearth steel. 

Ail other material required for riveted members, and the 
beams and channels used in the fioors with their connections, 
may be made of Bessemer steel, unless in special cases, it shall 
be otherwise specified. 

Pins over five inches in diameter must be of forged steel. 

All machine driven rivets must be of steel. 

Tie rods, bolts, anchors, lateral ties and all hand driven 
rivets must be of wrought iron. 

Bearing plates in mnsonry, bases under columns, separa- 
tors, brackets under plates, and filler blocks more than i 
iuchcs thick, must be made of cast iron. 
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Shoes for trusses and column blocks where required roust 
be made of CiSt steel. 

Character and~ finish of materials: All the steel used 
in this building must comply with the following specifications: 



• 


Medium 
Steel. 


Soffc Steel. 


Maximum ultimate strength in lbs. per sq. in . . 
Minimum ultimate strength in lbs. per sq. in. . 

Minimum elastic limit in lbs. per sq. in 

Minimum percentage of elongation in 8 inches . . 


68,000 
60,000 
32,000 
22% 


60,000 

30,000 
26% 



Test pieces of medium steel must* bend cold i8o** about a 
diameter equal to the thickness of the piece without any sign of 
fracture on the convex side of the bends. Test pieces of soft 
steel must bend cold i8o° flat without any sign of fracture on 
the convex side of the bend. They must also stand the same 
bend after being heated to a light cherry red and quenched in 
water whose temperature is 82° Fahrenheit. 

Soft steel must be used for rivets and medium steel for all 
other material. All steel must have a smooth surface and must 
be free from all faults or defects of any kind or of any indication 
of unsoundness. Each piece must be straight, free from wind 
and of proper section. A variation in weight either way of 
more than 3 per cent, from that specified shall be cause for 
rejection. 

Eye bars used in trusses must comply with the following 
specifications in full size tests: 

Ultimate strength in lbs. per sq. in. not less than 58,000 

« '• " " '* " " "more " 66,000 

Elastic limit in lbs. per square inch not less than 29,000 

Elongatipn in 2 ft. length of bar nearest fracture 15 fv 

Reduction of area 40 «^ 

The fracture must take place in the body of the bar and 
must be generally silky. The mill requirements for material 
for eye bars must be as specified for by the manufacturers oi 
the bars. 

All wrought iron used in this building must have an ulti- 
mate strength of not less than 48,000 lbs. per square inch, au 
elastic limit of not less than 26,000 lbs. per square inch, and an 
elongation of 20 per cent, in 8 inches. The wrought iron 
required for bolts and rivets must be so ductile that test pieces 
will bend cold 180 degrees flat without any sign of fracture on 
the convex side of the bend. All the wrought iron must be 
perfectly welded in rolling, fibrous, uniform and free from all 
defects. Each piece must be straight and of proper section. 



SPECIFICATIONS FOE STEEL HOTEL BUILDING. 405 

All the cast steel used in this building must have an ulti- 
mate strength of not less than 60,000 lbs. per square inch, an 
elastic limit of not less than 32,000 lbs. per square inch, and an 
elongation in 8 inches of not less than 15 per cent. All cast- 
ings must be annealed and all test pieces must be cast as 
coupons and detached after annealing. 

All the cast iron used in this building must be tough gray 
iron, free from cold shuts, blow holes or other serious defects. 
Its quality must be such that sample bars i inch square cast in 
sand moulds must be capable of sustaining on a clear span of 
4^ feet a central load of 500 pounds when tested in the rough 
bar. 

Painting: All iron must receive a coat of pure raw lin- 
seed oil at the rolling mills just before being loaded on the 
cars. 

The covered surfaces (surfaces in contact and surfaces 
enclosed) of all parts of riveted members must receive one good 
coat of graphite paint, after the pieces are punched and before 
they are assembled. All finished members must receive one 
complete coat of the graphite paint before they are taken from 
the shop or exposed to the weather. All surfaces that can be 
reached must have one coat of the graphite paint after erection. 
All truss members must have two coats of paint in the shop and 
the enclosed surfaces of these members must have the two coats 
before they are assembled. 

Foundation beams and connections must have two coats of 
paint at the shop. All bolts used in erection and remaining 
permanently in the building must be dipped in graphite paint 
before being placed in position. 

All pins and bored pin holes or other planed surfaces in the 
trusses must be coated with white lead and tallow before leaving 
the shop. 

All painting must be done on dry surfaces and preferably 
warm ones. All dirt and foreign matter of any kind must be 
removed from the iron before painting. All scale must be 
removed from finished members before painting the first coat in 
the shop. All scale must be removed from material required 
for the trusses before it is oiled at the rolling mill. 

The paint used must be the superior graphite paint, pre- 
pared and mixed by the Detroit Graphite Manufacturing Com- 
pany, of Detroit, Michigan. 

Inspection: The inspection hereby provided will be made 
by inspectors employed by John Downey. 

The contractor for the structural iron must furnish full and 
ample means for the inspection of all the materials called for by 
these specifications, and of all the work required in fitting such 
materials for erection ; and to this end, he shall admit the arch- 
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itect, engineers, and inspectors to any part of the mills 
where work under these specificiitions is being cairicd on. 

To secure proper material, as herein specified, one pullic; 
test must be made from every beat or blow of steel or rolling <rf 
iron, and one bending and one quenching test; when siicti 
requirements are specilied, if these are satisfactory, the whole 
will be accepted. If they are not satisfactory, others may he 
niade as the inspector may deem expedient. All test piece* 
must be prepared at the expense of the contractor lor the striif 
tural iron. The test pieces of rolled steel and wrought itun 
must be cut out of finished material, and must not be less liun 
l4 square iach in section. They must be at least lo inches long 
between fillets when turned down. When possible they r 
be cut from tine full thickness of the section, from which tlie 
tests arc taken. The method of selecting lest pieces for mate- 
rial for eye bars must be as required by the manufacturer of 
the bars. 

The number of test pieces of cast steel must be fixed by 
the inspector. 

Full sized tests of eye bars must be made as required l>y 
the architect or engineers. Test bars for such tests will be 
selected by the inspector from the lot after forging nnd before 
boring, the results of the test to determine the acceptance nr 
rejection of the entire number which the test bar represetitE. 
Other full sized tests must be made if required. 

The material used for all full sized tests will be paid for St 
cost, less the scrap value of the material to the contractor when 
the pieces are tested to deslruction, and the lest proved sittis- 
factory ; otherwise it must be solely at the cost of the conirflf 
tor. The use of testing machines capable of testing both 
specimens of material and the full sized members, together with 
all necessary assistance in handling and operating the same, 
must be furnished by the contractor free of all expense. 

All surfaces of all materials must be carefully examined tiy 
the inspeclors, and all pieces that are of full section — free from 
flaws — straight and in every way satisfactory, must be accepicil. 
This inspection will not, however, prevent the rejection of an^ 
piece at any later time, but before it is riveted in place In tlie 
building, if it is discovered that the piece is in any way unsuit- 
able. Ample assistance must be given by this contractor lo tlw 
inspector in making this examination. 

All mnlcrial manufactured under these specifications mutt 
be tested and examined as herein provided before the same is 
oiled or loaded on the cars for shipment from the mill, and as 
soon after rolling as may be convenient for the mill, and failure 
to complv with ihese specifications will be sulficicnt CAW 
[he rejection of the material. 
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inspection in the shop must, in general, cover the 
iticntiliciition of material, the accuracy of work, and ful- 
tillment of specifications and drawings in every respect, and 
reports of finished weights and progress of the work, in all 
dI which the inspector must have ample opportunity to do his 
work. All rejected material must be made good to the satis- 
faction of the inspector. 

All long measurements in the shop made by the inspector, 
must be made with a steel tape which must be compared with 
the shop's standard measure to assure their agreement. 

In case of any disagreement between the inspectors and 
the contractors regarding the inspection, appeal may be had to 
Pnrdy & Henderson, Consulting Engineers, but their decision 
Bhall be tiDal. 

Seams: In general not more than J^ of an inch will be 
allowed by the drawings for clearance at each end of beams 
connecting to beams and not more than ^ of an inch at each 
end of beams connecting to columns. All beams supported by 
connection angles riveted to the webs when finished, must 
measure out to out of such connection angles, not more than 
the length given on the drawings, and not more than J^ of an 
inch less than that length. All beams connecting to columns 
may be J4 inch shorter than shown on the drawings, but must 
not be longer. 

All open holes must be true to the drawings, and an enor 
in the distance from end to end. between the open holes in tho 
flanges at the ends of beams of more than 1-16 of an inch must 
not be approved by the inspector. 

Where connections are marked standard, the standards 
adopted for this particular job must be used. Beams or other 
material used in floor construction, excepting bent plates used 
in connections, must not be heated for bending, cutting, or 
lilting, unless so marked on the drawings. 

Beams split or permanently injured by work in the shop 
must not be used. 

Beams which are required to be bolted together with sep- 
arators in the building, must be assembled and bolted together 
in shop when practicable, 

Colunms: The distance from the center of the columns 
out to the open holes required for the connection of beams, 
must be verified by the inspector. If, on account of the 
material overrunning in weight or on any other account, these 
distODces are wrong more than 1-16 of an inch, the error must 
iKonedied, as the inspector may desire. 

" U columns must be milled or ground at each end to a 

lA bearing surface at right angles to the axis of the column, 

*^c inspector must verify from time to time, the adjustment 
liDHchiDery used in this work. ' 
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All columns must be exactly true to length, and any dis- 
crepancies in such lengths of more than 1-32 of an inch, must 
be reported promptly to the engineers. If more than 1-32 of 
an inch too long, they must be milled shorter. 

Where columns coming oVer each other are designed to 
have the same exterior dimensions, a filler about 1-32 of an 
inch thick must be put under the splice plates where they are 
riveted to the columns. These fillers must cover the entire 
area covered by the splice plates. They will not be drawn on 
the drawings, but will be noted in the bill of material on each 
drawing where required. 

Columns must all be straight and out of wind. 

Riveted Girders: Web plates must be arranged so as not 
to project above or below the flange angles. The lines show- 
ing the edges of such plates will be omitted from the drawings. 

In general, all stiff ener angles must fit tight at both ends. 

Open holes in flanges must have the same accuracy 
required for beams. 

All riveted girders must be out of wind before leaving the 
shop. 

Trusses: Eye bars must be entirely free from flaws and 
of full section. The heads must be so proportioned that the 
bars will break in the body of the original bar and the process 
of manufacture and the form of the head must be subject to the 
approval of the engineers. No welding will be allowed in the 
body of the bars. They must be perfectly straight before 
boring and the pin holes must be centered through the center 
line of the bar. The lengths back to back of pin holes must 
not vary more than -^^ of an inch from the figured lengths 
when the bars are 20 feet long or less; not more than -^.j of an 
inch when more than 20 feet long. Bars which go side by side 
in the trusses must be so perfectly bored that the pins will pass 
through the holes at both ends without driving when the bars 
are placed in a single pile. The holes must not be more than 
-^^ of an inch larger the pins. All eye bars must be annealed. 

Compression members must have all butting ends planed 
smooth and exactly square to the center line of the member, 
and they must be assembled in the shop for the fitting of the 
splice plates and to assure perfect contact throughout. Such 
members must be entirely free from twists or bends and all 
work must be neatly finished and first-class in every respect. 
Pin holes must be bored 3^- of an inch larger than the pins, 
exactly perpendicular to a vertical plane passing through the 
center line of each member, when placed in a position similar 
to that which it should occupy in the finished structure. 

Pins must be turned straight and smooth and to exact 
size. 
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Castings: The cast bases required in the column must be 
planed smooth on top and to exact dimensions. All holes for the 
bolts connecting to the columns must be drilled also to the 
exact measurements given, and the holes in the other castings, 
both steel and iron, must be drilled when so marked. All sur- 
faces marked planed must be planed smooth and true for a per- 
fect bearing as designed. 

Rivets: Drifting that is liable to injure the material must 
not be allowed anywhere in erection. 

Shop rivets must be machine driven as far as possible. 

Rivet heads must be concentric with the necks of the rivets 
and all rivets when driven must completely fill the holes and be 
tight. 

Rivets will be used in erection wherever possible. 

All rivets must be uniformly heated. 

Holes that do not match sufficiently to admit the rivet 
without drifting, in assembling work in the shop, must be 
reamed. 

All riveting must be done to the satisfaction of the engi- 
neers. 

Erection: If beams are used in the construction of the 
foundations, the contractor for the structural iron must put 
them in position, both as to plan and as to height, using a sur- 
veyor's level for the purpose, but the grouting and covering of 
the beams will be done by the contractor for the masonry. 

The outside building lines will be given, but the contractor 
for the structural iron must determine and fix the interior lines, 
and each cast base must be set in its exact position, both as to 
alignment and to height, supported on wooden wedges, before 
the bedding is run in. The center of each base must be true 
to the column center, as given on the plans, within -j'^ of an 
inch, and its height must be adjusted exactly ,.using a surveyor's 
level and referring to a fixed bench mark. Each base 
must be bedded with a Portland cement grouting, by pouring 
the same through the center until all the spaces under and 
inside the base are filled. The cement must be of some 
imported brand which must be approved by the architect, and 
the sand must be clean and sharp and fine. The two must be 
mixed dry in equal quantities in a box — all that is required for 
one base at one mixing. Enough water must then be added 
to make the whole just flow under its own weight. The whole 
operation of mixing and setting must be done as rapidly as 
possible. After the bases are set their heights will be inspected 
by the engineers, and if they are found to vary more than J^ 
of an inch from the correct height they must be taken up and 
reset. 

The use of iron sledges in driving or hammering beams or 
columns or other structural iron will not be allowed where it 
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can be avoided. Wooden mauls must be used wherever ! 
use is possible. Care must also be exercised to prevent the 
material £rom falling or from being in any way eubjected to 
heavy shocks. 

Especial care must be used to keep the columns plumb ancl 
in proper line during erection, and they must be plumbed to 
the satisfaction of the architects and engineers aa oftea as may 
be desired. In case the columns are not kept plumb the entire 
work of erection shall stop at the written order of the architect 
to that effect, and the measures to be employed to remedy the 
defect must be approved by the architect before the erection 
proceeds." 

The sections of columns, truss members, beams or girders 
must nowhere be cut without first obtaining the approval of the 
engineers. 

Every failure of the material to come together properly 
must be noted and reported daily to the engineers. If uiy 
serious difficulty occurs during erection, it must be reported W 
the engineers before any unexpected measures are used to meet 
the difficulty. 

The pian or scheme for the erection of the trusses, and tte 
material connected to the trusses must be submitted to the 
engineers, before the iron work is erected above the ground 
floor, for their approval. 

Pilot nuts must be used in entering all pins. 

After the truss members are put in position, before they 
are materially shadowed by temporary flooring or any other 
construction, and after all surfaces are thoroughly dried by the 
heat of the sun, they shall be protected by waterproof canvac, 
taned paper, or other materials from further exposure to the 
weather. Such protection to continue until those parts o£ the 
building are under the cover of the other construction of the 
building. Such protection is desired to prevent water from 
lodging and remaining in the concealed parts of the work. Any 
inaccuracy in the matching of the holes in the column spticei 
must be removed by reaming and not by drifting. 

Temporary timber bracing must be put in the building 
wherever required by the architect or the engineers. 

The entire work of erection must be done to the satisfac- 
tion of both the architects and tlie engineers. 

•Prohnbly the Koni pricikc In ibs erecilon ot areblKeiunl Iran work I* tb* taj 
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175. Specifications for the Machinery and Track 
Construction of an Electric Railway. The following 

specifications for the machinery for an electric railway were 
prepared by Mr. B. J. Arnold, consulting electrical engineer 
of Chicago, for the St. Charles Street Railroad Company, 
of New Orleans, in 1895. 

The specifications for track construction were prepared by 
Mr. Richard McCulloch, M. E., engineer of various street 
railroads in St. Louis. Both are thought to be the best of their' 
kind, and are here added in the second edition of this work. 

176. Specifications for Engines. The i° General. 

engines that are purchased under these specifica- 
tions will be erected in complete running order on 
foundations furnished by the purchaser in the power 
house of the railroad company, located on the 
switch of a steam railroad at New Orleans, La. 

Propositions will be considered on each of the ^***'» 
following sizes and types of engines: 

Proposition No. i. On three 250 horse power 
self-contained compound condensing tandem or 
cross engines. Each capable of delivering 250 
horse power to its generator, when running at a 
speed of 150 revolutions per minute at a piston 
speed of not less than 550 feet nor more than 700 
feet per minute, with an initial pressure of 125 
pounds per square inch in the steam chest of the 
high pressure cylinder. The valve motion of each 
engine to be capable of cutting off automatically 
from naught to three-quarter stroke. 

Each engine to be provided with a cast iron 
bed plate which shall cover the entire top of the 
foundations and have a projecting arm or extension 
of sufficient size to carry the electric generator 
which may be purchased to be direct-connected to 
the engine. 

The point of cut-off is not specified, but the 
contractor shall state in his proposition what 
economy in water consumption he will guarantee 
his engine to perform when working at the above 
initial steam pressure and exhausting, into a vacuum 
of 12 pounds below atmosphere, in accordance with 
the conditions for a test hereinafter mentioned. 
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By horse power is meant actual power deliv- 
ered by engine to the generator, and not indicated 
horse power in the steam cylinders. 

Proposition No, 2, On three engines of the 
same horse power, design, conditions and guaran- 
tees, but to run at 250 revolutions per minute. 

Proposition A^o. j. On three engines of the 
same design, but built to deliver 2cx> horse power 
each to the generator at a speed of 150 revolutions 
per minute. Same 'conditions and guarantees as 
Proposition No. i. 

Proposition No, 4, On three engines of 200 
horse power each to run at 250 revolutions per 
minute. Same design, conditions and guarantees 
as Proposition No. i. 

Proposition No, §, On three 250 horse power 
compound condensing cross or Tandem or releasing 
valve type of engines, designed to run at a speed of 
100 revolutions per minute, to be direct connected 
to generators, which will be mounted on the engine 
shaft between out-board bearing and the fly-wheel. 
Same conditions and guarantees as Proposition No. i. 

Proposition No, 6, On three 250 horse power 
Corliss or releasing valve engines similar to those 
called for in Proposition No. 5, but to run at So 
revolutions per minute. Same conditions and 
guarantees as Proposition No. i. 

Proposition No, y. Three 200 horse power 
Corliss or releasing valve type of engines, similar 
to those called for in Proposition No. 5, but to run 
at 100 revoluiions per minute. Same conditions 
and guarantees as Proposition No. i. 

Proposition No, 8, Three 200 horse power 
Corliss or releasing valve type of engine, similar to 
those called for in Proposition No. 5, but to run at 
80 revolutions per minute. Same conditions and 
guarantees as Proposition No. i. 

Proposition No, Q, On one 500 horse power 
Tandem compound condensing Corliss or releasing 
valve type of engine to run at a speed of So revolu- 
tions per minute, and one 250 horse power Tandem 
compound condensing Corliss or releasing valve 
type of engine to run at So revolutions per minute. 
Same conditions and guarantees as Proposition No. i . 

The 500 horse power is to be a center crank 
engine and so arranged as to carry a generator on 
each side. 
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The 250 horse power engine is to be a side 
crank engine and carries the generator on but one 
side. The frame, main working parts and low 
pressure cylinder of this engine shall be designed 
extra heavy so that high pressure steam can be 
admitted to the low pressure cylinder, so as to 
practically double the power of the engine in case 
of an emergency. Suitable pipe connections and 
an auxiliary throttle valve will be made to the live 
steam pipe by the Contractor. The receiver and all 
receiver connections will also be built strong enough 
to sustain the extra pressure. 

Proposition No, 10, On one 400 horse power 
Tandem compound condensing Corliss or releasing 
valve type of engine, designed to run at a speed of 
So revolutions per minute, and one 200 horse power » 
Tandem compound condensing Corliss or releasing 
valve of engine at 80 revolutions per minute. Same 
design of engine as called for in Proposition No. 9, 
and to fulfill the same guarantees as called for in 
Proposition No. i . 

Cross Compound Engines, The bidders shall 
also submit figures on cross compound engines 
under Propositions Nos. i and 5. 

All engines furnished shall be provided with Regulation, 
governing mechanisms which shall be capable of 
automatically varying the point of cut-off from 
naught to three-quarter stroke, as the load requires, 
and of controlling the speed within reasonable 
limits. The bidder shall state his guarantee on reg- 
ulation with the engines ranging from half load to 
full load, and from full load to no load. 

All Corliss or releasing valve engines shall 
govern on both high and low pressure cylinders. 

All engines furnished will be provided with fly I'Jy whecU. 
wheels instead of belt or band wheels, and the 
specifications for each engine shall state the diame- 
ter and weight of the wheels which the Contractor 
proposes to furnish. It should be remembered by 
the bidder that these engines are designed for elec- 
tric railway work, and that the fly wheel should be 
proportioned for such work. 

The condensers and air pumps will be furnish- condcnsert. 
ed by the Purchaser but in case the Corliss engines 
running not over 100 revolutions per minute are 
purchased, it may be desirable to drive the boiler 
feed, air and circulating pumps direct from a rock 
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shaft driven from the cranks or cross-heads of the 
engines, and the bidder will state how much addi- 
tional will be charged on Propositions 5, 6, 7, 8, 9 
and 10 for such addition. He will state in a gen- 
eral way how he proposes to build the pumps. 

He will also state how much additional will be 
charged on each proposition in case he furnishes an 
independent jet or surface condenser with each 
engine and all necessary pipe w*ork to connect the 
condensers with the engines. The steam and water 
connections to be brought to the condensers by the 
Purchaser. 

^evices'and Each engine will be provided with suitable oil 

Tools. cups or lubricating devices, and each steam cylinder 

provided with a sight feed cylinder lubricator and 
one hand pump. 

In case of side crank engines the cranks will be 
provided with a separate floor stand and return oil- 
ing tube to be the center of the crank pin. 

One complete set of brass oil cans and tray for 
the same shall be considered a part of each proposi- 
tion, together with all necessary wrenches, etc., for 
properly taking care of the engines. 

Throttle Valve. Each engine will be provided with a throttle 
valve on the high pressure cylinder and have a 
flange fitted to the exhaust opening, threaded to 
receive the proper sized exhaust pipe. 

G*"g"- Each engine will be provided with a complete 

set of nickel plated gauges, having 12-inch dials, of 
the Ashcroft, Crosby or Schafifer & Budenburg 
manufacture, or others equally as good, consisting 
of the following: 

One Steam Gauge. 

One Vacuum Gauge. 

One Compound Receiver Gauge. 

Safety Valve. Each receiver shall be provided with an auto- 

matic safety valve which will relieve the receiver of 
extra pressure. 

Indicator. Each propositiou shall include one Crosby, 

Tabor or Thompson steam engine indicator. 

^Bohs*^*'"" The Contractor will furnish a complete set of 

foundation bolts with nuts and washers for each 
engine. These bolts to be delivered at the power 
house site within thirty days from the date of the 
awarding of the contract. 

'T***' The enorines to be tested as follows. First on 

a constant load at their rated capacity. Second, in 
actual practice on electric railroad work. 
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The Contractor in making his guarantee will 
base it upon the constant load basis when the engine 
is delivering its full rated power, but he will also 
state what economy can be obtained from his engine 
when working on a variable load such as electric 
railroad work. 

In case it is found impracticable by the Engi- 
neer who conducts the test on the engines, to 
determine accurately the delivered power, it will 
be taken as 8 per cent less than the indicated horse 
power of the engines as shown by indicator dia- 
grams, on Tandem engines, and 1 1 per cent on cross 
compound engines/ 

The Contractor should submit detail specifica- Specifications. 
tions with each proposition which shall state the 
class of material and workmanship that will enter 
into the construction of the engine which he pro- 
poses to furnish under these specifications. 

The Contractor shall furnish to the Consulting drawings. 
Engineer of the Purchaser complete set of blue 
prints within two weeks from the date of the award- 
ing of the contract, of each engine, giving all 
necessary information regarding the engines, to 
enable him to properly lay out the foundations for 
same. 

All the machinery purchased under these spec- inspection, 
ifications will be subject to the inspection and 
approval of the Purchaser. 

The above machinery will be paid for as fol- Payment. 
lows: 

One quarter cash on arrival of the machinery 
at the power house side track at New Orleans ; one 
quarter cash on the successful starting of the engines, 
and the balance within 60 days from said date, pro- 
vided the requirements have been fulfilled and they 
have been accepted by the Purchaser, 

All engines furnished under these speciBcations ^^["fi^n ^**™* 
shall be erected in complete working order on 
foundations furnished by the Purchaser, on or before 
the first day of July, 1S95, and it is understood that 
a forfeiture of $25 per day as liquidated damages 
shall be deducted from the contract price for each 
and every day after said date that the engines are 
unable to operate successfully, it being understood 
that the Contractor is not to be delayed in erecting 
or starting the engines by the Purch iser. 

B. J. A. 
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In General. 177^ Speciflcatioiis foF BoileFS. The 

boilers called for under these specifications will 
be erected in complete working order on foun- 
dations furnished by the Purchaser in the power 
station building located on a steam railroad side 
track in New Orleans, La. 
si^M- Propositions will be considered on the follow- 

ing sizes: 

Proposition No. i. On three boilers capable 
of developing 250 horse power each on a basis of 
thirty pounds of water per horse power converted 
from 100 degrees Fahr. into steam at 70 pyounds 
per square inch. 

Proposition No. 2. On three 200 horse power 
boilers. Same rating and conversion. 

Type. AH boilers furnished shall be of the horizontal 

water tube type. 

The shells shall be of first quality of low carbon 
steel of Otis or Shoenberg manufacture, or other 
equally as good, having a tensile strength- of about 
60,000 pounds per square inch, and each sheet shall 
have the maker's name stamped where it will be 
plainly visible. 

All tubes entering into the construction of the 
boilers shall be of first-class quality, and the bidder 
shall state what make of tubes he will use. 

The successful bidder will be required to re- 
place all tubes that burn out within 90 days from 
the date of the starting of the boiler, provided it is 
shown that the boilers were not forced beyond their 
capacity during the said 90 days. 

Each boiler will be provided with one Ashcroft, 
Crosby, or Schaffer & Budenberg nickel plated 
steam gauge or other equally as good, which shall 
have a dial not less than 12 inches in diameter. 

One Water Column complete with three gauge 
cocks and glass water ^gauge. 

The Water Column shall have a quick openino; 
valve in each pipe leading to it so as to shut the 
steam or water off quickly in case of an accident. 

Each boiler shall also be provided with an 
Ashcroft or other standard pop safety stop valve, 
and to be provided, if possible, with some form of 
strainer or purifier where the feed water enters the 
boilers. 

Each set of boilers called for in the above 
propositions shall be furnished with one complete 
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set of firing irons and flue blower or cleaner. As- 
bestos seated blow-off cocks and all other valves 
which usually accompany boilers, with the excep- 
tion of steam and feed water connections, will be 
furnished by the Contractor. 

All boilers shall be provided with at least 1 1 J4 ^^loxlfic 
square feet of heating surface per horse power. 

In case the boilers are so designed as to be set Settingi. 
in batteries of three, and be easily accessible for 
cleaning, they will be set in brick work close to- 
gether with wall on the outside provided with air 
space and with fire brick walls between the boilers. 
In case, however, there are side doors on the boil- 
ers, the settings will be so arranged that two of the 
boilers will be set in one battery and the third one 
set by itself, but so provided that a fourth boiler 
can be added in the future without having to change 
the present setting. 

All outside walls shall be of red pressed brick. 

The boiler settings shall be lined throughout 
with good quality of Are brick extending the entire 
length of the boiler. 

The bridge wall will also be lined with fire 
brick. 

The Contractor will state how much additional 
will be charged for each boiler in case a mechanical 
stoker or Hawley Down-Draft Furnace is adopted. 
He will name the make of stoker which he proposes 
to furnish. 

The boilers shall be designed to carry a work- ^^pj^mre 
ing pressure of 140 pounds and shall be tested to 
250 hydrostatic pressure. 

Each proposition will be accompanied by com- SpeciflcaUont, 
plete detail specifications giving the sizes of the 
principal parts of the boilers, the g^ate surface and 
the number of square feet of heating surface of 
each boiler. 

Specifications will also state the quality of ma- 
terial and workmanship that will be furnished and 
give a detail statement of the attachments that will 
go with each boiler. 

The above boilers will be subject to the inspec- in»p«c*>o». 
tion and approval of the Purchaser. 

All of the material called for will be erected in '^*"*' • 
complete working order at New Orleans, La., on 
or before the first day of July, 1895. It is under- 
stood that a forfeiture of $25 per day as liqui- 
27 



' h J 



418 



COMPLETE SPECIFICATIONS. 



Paynent. 



la General. 



SIsei. 



dated damages will be deducted from the contract 
price for each and every day alter said date that 
the Purchaser is unable to successfully operate his 
plant through the boilers not being ready to run, it 
being understood that the Contractor will not be 
delayed by the Purchaser. 

Payments to be made as follows : One quarter 
cash on delivery of boilers at the power house of 
the Purchaser; one quarter upon the successful 
starting of the plant and the balance within 60 days 
from the date of successful starting, provided the 
boilers have been accepted by the Purchaser. 

B. J. A. 

178. Specifications for Oondensers 

and Pumps. All the machinery furnished under 
these speciflcations will be delivered F. O. B., cars 
at the Power House of the Railroad Company in 
New Orleans, La., on or before the first day of 
June, 1895. 

Proposals will be received on the following 
sized condensers : 

Proposal No. /. On one Independent steam 
driven jet or surface condenser, which shall be 
capable of condensing the steam from 750 horse 
power of engines. Said engines to be com- 
pound and to receive steam at 125 pounds initial 
pressure on the high pressure cylinder, and consume 
18 pounds of water per horse power per hour. The 
condenser to be capable of maintaining a vacuum of 
27** for 18 hours continuously when working at the 
above capacity and receiving the circulating or 
injection water at a temperature of sixty degrees 
Fahr. with pumps running at a piston speed not 
exceeding sixty feet per minute. 

Proposal No. 2. On three jet or surface con- 
densers having a capacity of 250 horse power 
each, same design, conditions and guarantees as 
Proposition No. 1. 

Proposal No. j. On one 500 horse power 
jet or surface condenser and one 250 horse power 
jet or surface condenser, same guarantees, condi- 
tions, etc., as Proposal No. i. 

Proposal xVo. 4, On one jet or surface con- 
denser having a capacity of 600 horse power. Same 
conditions and guarantees as Proposal No. i. 

Proposal No. 5. On one jet or surface con- 
denser having a capacity of 400 horse power 
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and one of 200 horse power. Same conditions and 
guarantees as Proposal No. i. 

Proposal No, 6. On three jet or surface con- 
densers having a capacity of 200 horse power each. 
Same conditions and guarantees as Proposal No. i. 

Propositions will also be received on the fol- p««p«. 
lowing sized Independent steam driven feed pumps. 

On two outside packed, single, acting, brass 
plunger boiler feed pumps having a capacity suffi- 
cient to deliver 20 gallons of water per minute 
when supplied with steam under 125 pounds pres- 
sure, and delivering water against the same pressure, 
and running at a piston speed not exceeding 60 feet 
per minute. 

The Contractor will also submit propositions 
on Duplex pumps. 

Each bidder will submit with his proposition SpeciflcaUont. 
complete specifications giving in detail the special 
construction of his machine and in case of surface 
iiondensers will state the number of square feet of 
-cooling surface which will be furnished. He will 
also state the diameter and stroke of the air and 
circulating pumps and steam cylinders. Brass or 
composition piston rods must be furnished for 
the steam and water ends of both the condensers 
and boiler feed pumps. 

The above machinery will be subject to the in«p«ction aad 
mspection and approval of the Purchaser or his duly 
authorized representative. B. J. A. 

179. Specifications for Economizers, incenerai. 

The Economizers furnished under these specifica- 
tions will be erected in complete running order in 
brick work furnished by the Contractor, on founda- 
tions furnished by the Purchaser in the power 
house of the railroad company at New Orleans, 
La., on or before the first day of June, 1895. -^ 
side track from a steam railroad will extend to the 
Power House. 

The Economizer will be of 500 horse power ^^Sa. 
and placed in a passage way leading from 
the boilers to the smokestack and will consist of 
vertical cast iron tubes, arranged in such a manner 
that their ends can be removed so as to make the 
interior of the tubes easily accessible for cleaning. 
Each tube shall have some form of mechanical 
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scraper traveling the full length of the tube to 
remove soot, and the series of scrapers shall be 
operated by one electric motor or independent 
steam engine which shall be furnished by the Con- 
tractor. 

The Contractor shall give the length, outside 
and inside diameters, of the tubes and the number 
which he proposes to furnish. He will also give 
the method of casting the pipes, making of joints, 
and general specifications describing the machine. 
No tubes will be used which are not cast on end 
and made of thoroughly first-class quality of fine 
grey cast iron. 

He will state the number of valves and kind 
which he proposes to furnish with his Econpixiizer. 
Nothing but bronze seated gate valves shall be used 
in the steam or water pipes leading to and from the 
Economizer. 

The Purchaser will furnish all pipe work lead- 
ing to the outlet and inlet of the Economizer, but 
the Contractor will furnish all other valves and 
additional piping required. 

The Contractor will state what fuel economy he 
will guarantee to save over an ordinary boiler set- 
ting which has no Economizer, provided the tem- 
perature of the gases delivered to the Economizer 
are as follows: 

First. With gases at 450 degrees Fahr. 

Second. With gases at 550 degrees Fahr. 

Third. What temperature the Economizer 
will deliver water to the boiler when receiving 
water at no degrees Fahr. with the gases entering 
the Economizer at 450 degrees Fahr. 

Fourth. With gases entering the Economizer 
at 550 degrees Fahr. 

All tubes furnished shall be tested to an hy- 
draulic pressure of 350 pounds per square inch 
before being shipped from the Company's works, 
and after the Economizer has been put in opera- 
tion it will be tested by the Purchaser's Engineer to 
ascertain whether or not it complies with these 
specifications. 

All material that proves defective within thirty 
days from the date of the successful starting of the 
machine, shall be replaced by the Contractor with- 
out expense to the Purchaser. 
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The Contractor shall guarantee to protect the S"»"- 
Purchaser from suits for infringements of patents. 

All material furnished under these specifica- ^**JKf~°'ii"** 
tions shall be subject to the inspection and approval 
of the Purchaser. 

B. J. A. 

180. Speciflcations for Electric Chener- in General. 

ators. The machines that will be purchased under 
these specifications will be erected in complete run- 
ning order on foundations furnished by the Purchaser, 
in the Power House of the St. Charles Street Rail- 
road Company, located on a side track of a steam 
railroad in New Orleans, La. The exact location of 
the power house not yet being determined it is im- 
practicable to designate the road on which the track 
will be located. 

Propositions will be considered on each of the ^uei. 
following sizes and types of generators : 

Proposition No. /. On three 200 kilowatts 
direct-connected multipolar railway generators, de- 
signed to give an electrical output of 400 amperes at 
500 volts when running at a speed of 150 revolu- 
tions per minute. 

These generators will operate at a potential 
varying from 500 to 550 volts, but the kilowatt 
rating shall be based on a potential of 500 volts. 

Each generator shall be provided with suitable 
projecting lug^ for attaching to the cast-iron base of 
the engine to which it will be direct-connected. 

Means must be provided for slipping the field 
pieces o£E the armature side- wise, or by separating 
the fields in a vertical plane in halves and sliding 
them away from the armature, or by separating 
the fields on a horizontal plane so the top piece can 
be lifted off and suitable removable blocks put be- 
tween the lower field piece and the engine bed or 
foundations so that by removing these blocks the 
field casting can be lowered sufficiently to allow 
the field coils to be slipped oi^. 

No bearings will be furnished with the gener- 
ator, as the armature will be carried directly on the 
engine shaft. The bore of the armature hub will 
be given by the Purchaser. The generators, how- 
ever, should have their own brush supporting de- 
vices which should be attached to the fields of the 
machine so as to make it unnecessary to attach the 
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brush holder brackets to the engine castings. In 
case the latter is necessary, however, the expense 
for such attachment will be borne by the Contractor. 

Proposition No, 2, On three generators of 
the same design as called for in proposition No. i, 
but to run at 250 revolutions per minute. 

Proposition No. j. On three 200 kilowatt 
generators of the same design as called for in Prop- 
osition No. I, but to run at a speed of 100 revolu- 
tions per minute. 

Proposition No. 4, On three 200 kilowatt 
generators to run at a speed of 80 revolutions per 
minute. Same design and conditions as Proposi- 
tion No. I. 

Proposition No. 5. On three generators of 
the same design, but to have a capacity of 150 kil- 
owatts, and to run at a speed of 150 revolutions per 
minute. 

Proposition No. 6. On three generators of 
150 kilowatt capacity each, to run at a speed of 250 
revolutions per minute. 

Proposition No. 7. On three 150 kilowatt 
generators similar to those called for under Propo- 
sition No. I , but to run at 100 revolutions per min- 
ute. 

Proposition No. 8. On three 150 Kilowatt 
generators similar to those called for under Propo- 
sition No. I, but to run at So revolutions per min- 
ute. 

The Contractor shall state in each proposition 
the efficiency his generators will give, and it must be 
in the form of a guarantee. 

By efficiency is meant the result that is obtained 
by dividing the total energy in kilowatts delivered 
on the switchboard of the station by the mechanical 
horse power delivered to the armature of the gen- 
erator, due allowance being made for the loss in 
the mains leading from the generator brushes to the 
switchboard. The power delivered to the armature 
shall be taken as the indicated horse power in the 
cylinders of the engine, as measured by the engine 
indicator, less the indicated power required to drive 
the engine and generator running light or with no 
load. 

The generators shall be capable of giving their 
full capacity for a period of 18 hours in continuous 
operation without serious sparking at the brushes, 
and without raising the temperature of the arma- 



SPECIFICATIONS FOR ELECTRIC GENERATORS, 423 

ture or field coils more than 72 degrees Fahr. above 
the surrounding atmosphere. 

The machine shall be self-exciting and shall Regulation, 
maintain a practically constant voltage writh the load 
varying from half to full load when driven at a uni- 
form speed. They shall be able to run in multi- 
ple with each other and divide the load proportion- 
ately among them without it being necessary for 
the attendant to adjust regulating devices. 

With each generator shall be furnished : ^mcM ^^^^^' 

One Main Switch of suitable capacity for the 
machine. 

One Automatic Circuit Breaker. 

One Lightning Arrester. 

One Weston Illuminated Dial Ammeter read- 
ing to 500. 

One Field Rheostat. 

One Four Point Potential Switch. 

And with each complete proposition the fol- 
lowing: 

One Weston Volt Meter reading from o to 650 
volts. 

One Weston Illuminated Dial shunted station 
or bus ammeter reading to 2,000 amperes. 

Seven feeder panels, each one to have the fol- 
lowing instruments upon it: 

One Maine Switch to carry 250 amperes. 

One Weston Illuminated Dial Ammeter read- 
ing 2<Q amperes. 

One Automatic Circuit Breaker, suitable for 
panel, and such minor details as go to complete 
the system of the Contractor, 

All to be mounted upon marbleized slate pan- 
els of suitable size to build into a switchboard. No 
wood or other combustible material can be used in 
the construction of these instruments. 

Carbon brushes are preferred, and when car- Brushes, 
bon brushes are used brush holders shall be so de- 
signed as to clamp the carbon brush securely and 
have a practically solid connection to binding post 
from which the flexible cables lead to switchboard. 
The object being to prevent heating of the brushes 
and the electrical loss common to some machines 
faulty in this respect. Should the type of genera- 
tor bid upon be such as to necessitate copper brushes 
the builder of said machine will state fully how such 
brushes are made and secured. 
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The Contractor shall furnish the engine builder, 
free of cost to the Purchaser, a template for each 
machine, giving the bore of the armature hub and 
key-seating for same. 

The Contractor shall furnish a thoroughly 
competent expert to superintend the erection of the 
generators, who shall remain in charge of the gen- 
erators for thirty days after they have started. He 
shall give all necessary information to such men as 
may be designated by the Purchaser, to enable them 
to properly operate the generators during the said 
thirty day period. 

Contractor will furnish all necessary labor and 
material for erecting the generators complete ready 
to operate, and for connecting the generatprs with 
the switchboard. 

The above machinery will be subject to the in- 
spection of the Purchaser, who shall have the au- 
thority to decide whether or not the machinery 
conforms to these specifications. 

An accurate test will be made when the gener- 
ators are in proper condition to work and it is in- 
tended that the guarantee made by the Contractor 
will be fulfilled. 

Payments will be made as follows: One quar- 
ter cash on arival of machinery at the power station 
site at New Orleans ; one quarter on the successful 
starting of the plant and the balance within sixty 
days thereafter, provided the generators have been 
approved and accepted by the Purchaser. It is under- 
stood of course that the Contractor will not be de- 
layed in starting his machines by the Purchaser. 

The above material to be delivered in running 
order on or before the first day of July, 1S95, and 
it is understood that the Contractor will forfeit $25 
per day as liquidated damages for each and every 
day after the above date that his work remains in- 
complete. 

Each bidder will submit a detailed specifica- 
tion of the machines which he proposes to furnish. 
It is the intention of the writer of these specifica- 
tions to draw them broad enough to permit any 
manufacturer of first-class machinery to bid upon 
the generators, but if any one is prohibited from 
bidding by any clause in the specifications, they may 
submit a proposition pointing out the prohibitive 
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clause, and their bid, if the machinery is of first- 
class construction, will be considered. It is under- 
stood, however, that the speed here given can not 
be varied from to any great extent. 

B. J. A. 

181. Specifications for Electric Mo- incenerau 

tors. The motors that will be purchased under 
these specifications will be delivered by the Con- 
tractor at the factory of the car builder, which will 
be located in the vicinity of Philadelphia, New 
York, Cleveland or St. Louis. The cars may be 
manufactured at some other point than the ones 
mentioned, but the Contractor will deliver the 
motors as above specified, provided the cars are 
built within one hundred miles of one of the above 
points. 

Propositions will be considered on the follow- s**^ 
ing: 

Proposition No, /. On 40-500 volt constant 
potential single reduction electric motors having a 
rated capacity of 25 horse power each, and capable 
of exerting a horizontal drawbar pull of 1,170 
pounds, when running at a speed of eight miles 
per hour, or a drawbar pull of 625 pounds when 
running at a speed of fifteen miles per hour. 

The average speed of the motors will be 
between eight and ten miles per hour and the max- • 
imum speed about fifteen miles per hour. 

Proposition No, 2. On 40-500 volt constant 
potential single reduction electric motors having a 
rated capacity of 30 horse power each, and capable 
of exerting a horizontal drawbar pull of 1,400 
pounds when running at a speed of eight miles per 
hour, or 750 pounds when running at a speed of 
fifteen miles per hour. 

The Contractor shall state what current will be Current. 
required by the motors at a potential of 500 volts 
when .developing the power indicated above, on a 
straight, level and clean track. 

Each motor furnished shall be of the latest '''yp* *** ******>*'• 
form and design of water-proof motor built by the 
manufacturer. 

All gearing used in connection with the motors bearing, 
and car axle shall be cut gears. The pinion on the 
armature to be made of steel and the gear attached 
to the car axle shall be made of such material as 
the Contractor sees fit to recommend. 
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Each motor will be mounted upon a single 
car, making a total of forty cars to be equipp>ed 
with one motor each, and with each motor shall be 
furnished a complete set of gears for attaching to 
the car axle. Two controlling stands with suitable 
rheostats, blow-out devices and other automatic 
attachments for successful working. One trolley 
with iron pole and bronze wheel with plumbago 
bearings. The trolley pole to be provided with 
suitable base and springs for attaching to the car 
top. One lightning arrester, one fuse block, two 
overhead switches for making and breaking the cir- 
cuit, and all necessary wiring in the car body, and 
underneath the seats to suitably connect the con- 
troller, rheostat and motor for successful operation, 
and such other special devices as may be necessary 
to conform to the standard sj'stem of the bidder. 

The Contractor will furnish all necessary labor 
to mount the motors on the car axles at the works 
of the car manufacturer. Do all the car wiring 
(except for lights) necessary to connect the motors 
to the controllers and rheostats and otherwise 
equip the car for successful operation. 

The motors shall be capable 'of performing the 
work required of them, as given in these specifica- 
tions in ordinary service, for a period of i8 hours 
in continuous operation without raising the temper- 
ature of the armatures or the field coils to more than 
75 degrees Fahr. above the surrounding atmosphere, 
and shall do their work without excessive sparking 
at the commutator brushes. 

The type of motor considered as standard in 
these specifications is a single reduction motor 
geared direct to the car axle, and when this class of 
motor is used it shall be suspended upon some 
flexible connection which will relieve the car axle 
of as much weight as possible, and the Contractor 
will state in his proposition, so far as practical, the 
method or special design which he proposes to use 
in mounting the motors. 

In case the manufacturer should furnish single 
motor geared to both axles under these specifica- 
tions, the bidder shall state fully the method which 
will be used in mounting and supporting the 
motors. 

The car bodies and trucks will be furnished by 
the Purchaser but the motors are expected to handle 
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an iS foot closed car body when fully loaded, and 
to pull the trailer when necessary on a level track 
around ordinary curves. 

The bidder will state the number of revolutions ^P**'^?* 

, 1 -1 » . Armatures. 

per minute that his armature will run when driving 
a car mounted on 33 in. wheel at a speed of eight 
miles per hour. 

The 33 in. wheels will be used throughout and wheels, 
the motors and gearing are so proportioned as 
to exert their rated capacity with this diameter of 
wheel. 

The Contractor will state the diameter of the Winding. 
wire used in the armature and whether or not the 
armature is wound with one or more windings 
through each slot, and if two or more wires are used 
in such slot, whether or not they are connected in 
multiple on the commutator strips. He will also 
give the diameter of the wire used on the field coils. 

The Contractor will deliver these motors to the i>ci»vcry. 
car manufacturer within ninety days from the date 
of the awarding of the contract, and the motors will 
be shipped from the factory of the car builder to 
New Orleans by the car manufacturer, and hauled 
to the car barn or placed therein by the Purchaser, 
where suitable pits will be provided for cleaning 
and repairing the motors. 

When the Contractor has received notice from 
the Purchaser that he is ready to open the road for 
traffic he (the Contractor) shall send a thoroughly 
competent expert or electrical engineer to New 
Orleans to superintend the starting and operation of 
the motors and give instructions to the employees of 
the railroad company for a period of thirty days 
which shall be known as the trial period. All 
expenses and salary of said expert to be borne by 
the Contractor. 

As soon as the road is ready for operation the "r"** Period. 
Purchaser will open it for traffic and operate the 
cars thereon for a period of thirty days to determine 
whether or not the motors will do the work 
required of them successfully and comply with 
these specifications. During this period the Pur- 
chaser will furnish all necessary employees and 
power for operating the cars. Said employees to 
operate the motors in accordance with instructions 
of the Contractor's expert. It being understood, 
however, that the motors must make the speed and 
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do the work called for under these specifications 
during the said thirty days. All parts of the motors 
that bum out, break, or otherwise prove defective 
aside from ordinary wear and tear, during the said 
thirty days, shall be replaced by the Contractor free 
of cost to the Purchaser. 

^Approlai *"** ^^^ machinery purchased under these specifi- 

cations will be subject to the inspection and 
approval of the Purchaser. 

Specifications. jj jg ^q intention of the writer of these specifi- 

cations to have them sufficiently broad to allow all 
manufacturers of first-class machinery to bid under 
tbem and if anything in them seems to be prohibi- 
tive the bidder will submit his proposition pointing 
out wherein he can not conform to the specifica- 
tions. He will also submit detailed specifications 
giving a list of material which he proposes to 
furnish. The intention of these specifications being 
only to definitely state the work that the motors will 
be required to do. B. J. A. 

^spVcmcition 182. Speciflcations for the Recon- 

' struction of a Horse Railway Track to be 

Used as an Electric Railway in a Oity. The 

work consists in removing the existing track of the 

* * * Company in the city of * * * and 
replacing it with the track described in the follow- 
ing specifications. The track is * * * feet 
long and will contain ♦ » * plain curves, 

* * * branches off curves, ♦ ♦ * electric 
railroad crossings and * » ♦ steam railroad 
crossings. The Contractor will also be required to 
lay the tracks in the car-shed and the special work 
connecting the car-shed tracks with the tracks in the 
street. He will also furnish and erect the poles, 
span wires, trolley wire and feeder wire as herein 
described. 

All rails, stringers, and ties taken out of the 
old track shall belong to the Railroad Company 
and shall be delivered by the Contractor either at 
the Railroad Company's yards, or forwarded on 
board cars to the order of the Railroad Company 
as the engineer may elect. 

All work not enumerated in these specifications 
necessary for the construction of a first-class track 
and line shall be performed by the Contractor. All 
work shall be done under the supervision and to the 
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satisfaction of the Engineer of the Railroad Com- 
pany, and instructions as to details given by the 
Engineer or his representative shall be fully carried 
out. No bills for extra v\rork will be paid except 
for extra work done by the written order of the 
Engineer. 

The Contractor shall agree to protect the Rail- 
road Company from the beginning of the construc- 
tion until the road is accepted by the officers of the 
Railroad Company from all loss of material by theft 
and from all damage suits and claims arising from 
personal injuries or property losses sustained in the 
construction of the road. The Contractor shall 
also agree to assume the liability in any suit for 
infringement of patent, arising out of the material 
used in the construction of the road or out of the 
use of any patented process. 

The railroad company will secure the necessary 
permits from the municipality and will make the 
necessary crossing arrangements with the roads 
which it intersects. The Contractor, however, 
must perform all work in accordance with city 
regulations, and shall carry out any instructions given 
by the city authorities. 

Where it is not herein specified that the mate- 
rial manufactured by a certain company shall be 
furnished, the Contractor shall name in his bid the 
manufacturer of the material which he proposes to 
furnish and wherever possible shall submit samples. 

The following drawings may be seen at the 
ofHce of the Engineer, (i) General map of route, 
showing location of track and proposed location of 
poles. (2) Detail drawings of crossings, special 
work, and car-shed tracks. (3) Drawing showing 
the leng^, route, and tapping-in points of feeders. 

The rails shall be standard girder rails, seven Material. * 
inches in height, weighing not less than eighty 
pounds per yard. These rails shall be delivered in 
lengths of not less than fifty-five feet. The ties 
shall be of white oak, sawed six by eight inches in 
section and eight feet long. Brace tie-plates, fitting 
and supporting the head of the rail, shall be used. 
The joints shall be cast-welded, but the Contractor 
shall supply enough fish plates foi use on the rails 
temporarily as herein described. The trolley wire 
shall be No. 00 hard drawn copper and the span 
wire No. 4 soft iron wire covered with weatherproof 
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insulation. The guy wire shall be No. 6 iron wire 
covered with the same insulation. The span wire 
shall have a tensile strength of 2,5cx> pounds and the 
guy wire a tensile strength of 1,800 pounds. 

The poles shall be thirty feet long and shall be 
made of steel tubing. Those which are used to sup- 
port' curves and terminals shall be made of eight 
inch, seven inch, and six inch pipe and shall weigh 
not less than eight hundred pounds. Poles used 
only for supporting span wires shall be made of six 
inch, five inch and four inch pipe and shall not 
weigh less than five hundred pounds. Poles which 
carry feed wires shall be made of seven inch, six 
inch and five inch pipe and shall weigh not less than 
six hundred and fifty pounds. All poles shall be 
provided with caps and rings to cover the joints. 

All of the material used in the construction of 
the road not herein enumerated shall be of standard 
design and subject to the approval of the engineer. 

For double track an excavation 18 feet wide 
and 18 inches deep shall be made, and for single 
track an excavation 9 feet wide and 18 inches deep. 
Into this shall be placed 4 inches of crushed rock 
or gravel and rolled until solid. Clean rock which 
has been excavated from the street may be used for 
this purpose. 

The ties shall be spaced 24 inches between 
centers. A tie shall be placed underneath each 
joint. 

The rails shall be laid 4 feet and 10 inches be- 
tween gauge lines. Where there is double track, the 
distance between the gauge lines of the inside rails 
shall be 5 feet and 4 inches. Brace tie plates shall 
be placed under the rail at each tie and care taken 
that the brace is firmly against the rail before spik- 
ing. The ties shall be securely tamped with 
crushed rock or gravel until the top of the rail is at 
the established grade of the street and the track 
carefully lined and surfaced. Both rails shall be 
laid level by means of a straight-edge and a level. 
For lining and surfacing, the rails shall be tempo- 
rarily connected by fish plates. 

The cast-welded joint shall be used. The joint 
shall be 14 inches long and the casting shall weigh 
not less than 120 pounds. The iron used for this 
purpose shall be soft, grey pig. No scrap shall be 
used. Immediately before casting the joints, the 
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rail-ends, 7 inches back of the joint, shall be thor- 
oughly cleaned by emery wheels, sand blast, or 
some other mechanical process. Care must ,be 
taken that the rail ends are in contact and perfectly 
in line before the joint is cast. Means must be 
provided for holding the rail in position while the 
joint is cooling. If there are slight irregularities in 
the rail surface after the joint is cast, they may be 
removed by filing the top of the rail, but the Engi- 
neer shall have the right to reject any joint which is 
not in line or which is higher or low^er than the rail. 
Joints so rejected shall be removed by sawing the 
rail 4 feet on each side of the defective joint. A 
piece of new rail 8 feet long shall be inserted in 
this opening and new joints cast on each end of it 
as described above. The Contractor shall guaran- 
tee all cast-welded joints for one year and shall 
repair, free of charge, any which break in this time. 
In repairing broken joints, if the opening does not 
exceed i inch, the old joint may be chipped off, a 
section of rail fitting the opening inserted, and a 
new joint cast around it, the same precautions as to 
cleaning and preparing the joint being followed as 
outlined above. If the opening exceeds i inch, the 
joint must be cut out, a piece of rail 8 feet long 
inserted and new joints cast upon each end of it. 

All joints shall be cast-welded except those in 
the special work and crossings, and those joints 
connecting the special work and crossings with the 
straight track. These joints shall be supplied with 
six-hole fish plates fitting the section of rail which 
is used. 

The special work shall be made of a section of Special Work 
rail which will connect with the rail used on the 
straight track without the use of combination fish 
plates. Easement curves as indicated on the draw- 
ings shall be used at the ends of all curves where 
the radius is less than 150 feet. Curves of less 
radius than 150 feet shall have both rails grooved; 
those varying in radii from 150 to 400 feet shall 
have the inside rail grooved ; and those of greater 
radii than 400 feet may be sprung from the rail 
used on the straight track. Switches, mates, frogs, 
and crossings shall be provided with hardened steel 
plates set into the castings to take the wear. The 
special work shall be laid according to the meas- 
usements given on the drawings and shall be made 






432 



COMPLETE SPECIFICATIONS. 



Bonds. 



Paying. 



Street to be 
Kept Open. 



to line in neatly with the straight track. Wherever 
necessary the Contractar shall furnish special ties, 
long enough to support the special work. In lay- 
ing special work, the directions as g^ven above 
shall be carried out, except that in laying curves of 
less than 150 feet radius, the outside rail shall be 
laid ^ inch higher than the inside rail. 

The Contractor will not be required to bond 
the cast-welded joints. All joints not cast-welded 
shall be bonded with a four naught bond of the 
♦ * * type. At crossings and special work, 
each straight rail shall be connected to the corre- 
sponding straight rail on the other side by means of 
an insulated copper cable of 500,000 c. m. cross- 
section. The connection between the cable and 
the rail shall be made by means of a copper termi- 
nal, shown on the feeder drawing. The place on 
the rail where this terminal connects shall be amal- 
gamated and the surface of the terminal shall be 
amalgamated and coated with an amalgam. 

The paving shall follow the welding of the 
joints as closely as possible. The road«-bed up to 
the tops of the ties shall be filled with crushed 
macadam, rammed in place. The space between 
the tracks of a double track shall be paved with 
the same material as the street outside the tracks. 
The space between the rails of the track shall be 
paved with granite blocks, six inches deep, laid on a 
bed of sand. The space outside of the rails shall 
be paved with the same material as the rest of the 
street. In all cases the city regulations in regard to 
street paving shall be fully carried out and the work 
shall be done to the satisfaction of the city authori- 
ties. Paving which has been removed for the re- 
construction of the track may be replaced by the 
Contractor, if approved by the Engineer. All old 
paving material not used shall belong to the Con- 
tractor and shall be removed by him. Immediately 
after the paving is finished the Contractor shall 
remove all dirt from the street and leave it in a neat 
condition. 

During the building of the road, the Contractor 
shall, at his own expense, put in temporary wagon 
crossings made of ties whenever required by the 
city authorities. He shall, as far as possible, keep 
the street open for traffic and shall supply the 
necessary signal lamps and watchmen. 
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OVERHEAD CONSTRUCTION. 

Poles supporting the straight line shall be set p^Ics, 
in a hole 6 feet 6 inches deep and iS inches in 
diameter. Poles supporting curves shall be set in 
a hole 6 feet 6 inches deep and 24 inches in diam- 
eter. The space around the poles shall be filled 
with concrete, composed of i part of cement, 2 
parts of sand, and 4 parts of crushed rock. In set- 
ting poles, the top of the pole shall be given a rake 
of 8 inches from the vertical. City regulations in 
regard to setting poles shall be strictly complied 
with. The sidewalk at the base of the pole must 
be restored to its original condition. Before erec- 
tion, poles and cross-arms shall receive one coat of 
asphalt paint and after erection shall receive 
another. 

The trolley wire shall be placed as nearly as ^*°« Work, 
possible over the center of the track and shall not 
be less than 18 or more than 20 feet above the rail. 
The trolley wire shall be anchored at all curves and 
crossings. The hangers, strain insulators, feeder 
yokes, and all other overhead appliances shall be of 
the manufacture of * * * . The connection 
between the span wire and the pole shall be through 
a strain insulator. Strain insulators shall be placed 
in all guy wires and pull-off wires. All joints in 
the trolley wire shall be made at suspensions by 
means of splicing ears. No splicing sleeves shall 
be used. 

The trolley wire over curves must be so located Curves, 
that the trolley wheel rounds the curve without 
leaving the wire. Pull-offs must be located as 
designated by the Engineer. Where necessary, the 
Contractor shall furnish switches and crossings to 
be located in the trolley wire at turn-outs. 

At crossings with other roads, where their con- crossings. 
sent can be obtained, live crossings will be installed, 
and cut-outs placed in the trolley wire. Where 
this consent can not be obtained, the Contractor 
will install insulated crossings of a design to be ap- 
proved by the Engineer. 

Lightning arresters shall be located along the ^IfJ^esters 
track, two to each mile. They shall be of the manu- 
facture ot * * * and the Engineer shall designate 
their exact location and the manner in which they 
shall be connected with the trolley and feeder wires, 
and the manner in which they shall be grounded. 
28 



434 



OOMPLETE SPECIFICATIONS. 



Section 
Insulfttors. 



Feeders. 



Section insulators of the manufacture of ♦ ♦ * 
shall be placed in the trolley wire in the positions 
shown on the map of the route of the road. 

Feeders shall be furnished according to the 
drawing. The cross-arms shall be of iron and of 
an ornamental design. They shall receive one coat 
of paint before erection and another after erection. 
The pins for the straight line shall be of locust, and 
those supporting feed wire on curves shall be made 
of steel. The insulators shall have recesses in the 
top for the support of the feed wire and shall be of 
the manufacture of * * *. Feed wires shall be 
pulled up neatly and shall be protected from abra- 
sion by trees or other poles. Each feeder shall be 
drawn into the power house and left long enough to 
connect with its proper switch on the feeder board. 
The Contractor, however, will not be required to 
make this connection. The Contractor shall also 
furnish and install the cables for ground feeders, in 
the location shown on the feeder drawing. The 
connection between the ground feeder and the rail 
shall be made by means of a brass terminal, the 
dimensions of which are shown on the feeder draw- 
ing. The surface of the brass terminal shall be 
amalgamated and the terminal shall be bolted to an 
amalgamated area on the rail. The Contractor 
shall leave the ends of ground feeders long enough 
to connect with the switchboard, but he will not 
be required to make this connection. The feeder 
line shall be guyed where necessary as the Engineer 
may direct. 

R. McC. 



^VSioni^''''''^' 183. General Specifications for the 
Track and Overhead Construction for an 
Electric Railway in a Country Town. This 

work consists of the laying of * * * feet of sin- 
gle track, containing * * ♦ curves * * • 
terminals, and * * * diamond turn-outs in the 
city of * * * . It also includes the laying of 
the tracks and special work in the car-shed and the 
erection of the poles, span wires, trolley wires and 
feeders. 

All work shall be done under the supervision 
and to the satisfaction of the engineer of the railroad 
company. Instructions as to details given by the 
engineer or his representative shall be fully carried 



SPECIFICATIONS FOE ELECTEIC RAILWAY. 435 

out. No bills for extra \vork will be allowed except- 
for extra work done by the written order of the Engi- 
neer. 

All work not mentioned in these specifications 
necessary for the construction of a first-class road 
shall be performed by the Contractor. He will not 
be required to work on rainy days, but it is expected 
that he will push the work to its earliest possible 
completion. 

The Contractor shall agree to protect the rail- 
road company from the beginning of the construc- 
tion until the road is accepted by the ofUcers of the 
railroad company, from all loss of material by 
theft, and from all damage suits and claims arising 
from personal injuries or property losses sustained 
in the construction of the road. 

In making his bid, the Contractor shall name 
the manufacturer of the material which he proposes 
using and wherever possible shall furnish samples. 

The following drawings may be seen at the 
office of the Engineer. ( i ) General map of route, 
showing location of track, and proposed location 
of poles. (2) Profile, showing the necessary 
grading. (3) Detailed drawings of special work 
and car-shed tracks. (4) Drawing showing the 
location and sizes of the feeders. 

The rails shall be Tee rails, weighing sixty Material. 
pounds per yard, of the American Society of Civil 
Engineers' standard section. The ties shall be of 
white oak, sawed, 6 by 8 inches in section and 8 feet 
long. Four-hole angle bars fitting this section of rail 
are to be used at rail joints. The trolley is to be No. 
O, hard drawn copper, and the span wire 9-32" 
galvanized iron cable. The poles are to be of 
white cedar, neatly trimmed and straight. Those 
for straight line work shall be 30 feet long with 6 
inch tops, and those supporting curves or terminals 
shall be 30 feet long with 8 inch tops. All other 
material used in this work shall be of standard 
design and shall be subject to the approval of the 
Engineer. 

Within the city limits, the top of the rail shall Grading. 
conform to the established grade of the street. 
Outside of the city limits, the grade shown on the 
profile will be followed. Where necessary, grade 
stakes to guide the Contractor will be set by the 
Engineer. Where the track is either above or 
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below the surface of the roadway, the roadway for 
4 feet outside the rails shall be graded to slope to 
the ends of the ties. 

For the roadbed, an excavation 9 feet wide 
and 16 inches deep shall be made. Into this shall 
be placed 3 inches of crushed rock or gravel and 
rolled with a heavy roller until solid. In macadam 
streets, the stone which is taken from the street 
may be used for this purpose. Where there is a 
surplus of stone in the street, it shall be moved 
forward to such point as needed. All surplus dirt 
shall be hauled away by the Contractor and the 
street left in a neat condition. After completing 
the track the roadbed shall be filled with broken 
stone or gravel to the top of the rails. The mate- 
rial used for this purpose shall be clean and free 
from dirt. 

The ties shall be Spaced 30 inches between cen- 
ters, except at the joints, where a tie shall be placed 
directly under the joint, with another tie on each 
side of it, 8 inches from it. 

The rails shall be laid 4 feet, S}i inches 
between gauge lines, and at turn-outs where there 
is a double track, the distance between the gauge 
lines of the inside rails shall be 6 feet. The rails 
shall be fastened to the ties by two hook head 
spikes at each point where a rail crosses a tie. The 
center of the track shall correspond with the center 
of the street unless otherwise directed. The ties 
shall be securely tamped until the rail is at the 
proper grade, and the track shall be carefully 'lined 
and surfaced. Both rails shall be laid level bv 
means of a straight edge and a level. 

Wherever possible, joints shall be placed 
opposite one another. The angle-bars shall first 
be placed on the joints so that the track may be 
tamped, lined, and surfaced. After this is com- 
pleted, the angle-bars shall be removed and the 
bonds placed in position. All lining and surfacing 
must be done before the bonds are inserted. After 
all the bolts in the angle-bars are drawn up as 
tightly as possible, one man shall strike the head 
of the bolt with a hammer, while another draws up 
on the nut with a wrench. This operation shall be 
repeated with each bolt until the nut can not be 
turned. The tightening of these bolts shall be the 
last operation before the track is filled in. 
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Special work shall be laid according to the Special Work, 
measurements given on the drawings and must be 
made to line in neatly with the straight track. At 
turn-outs, the Contractor shall furnish special ties, 
long enough to support the switches, mates, frogs, 
and curved rails. In laying special work, the direc- 
tions as already given shall be followed, except 
that in laying curves, the outside rail shall be laid 
^ inch higher than the inside rail. 

Each joint shall be bonded with a four-naught 
stranded bond placed beneath the joint plate. The 
bonds shall be of the ♦ * * or * * * 
type. The two rails of the track shall be cross- 
bonded every 300 feet by four-naught bonds of the 
same type. At turn-outs, the 4 rails shall be 
cross-bonded twice. If the holes for the bonds are 
punched at the rail mill, they must be reamed out 
before the bonds are inserted. 

All cross-walks torn up in the construction of Cross-waiks. 
the road shall be replaced by the Contractor as 
soon as the track is filled. 

During: the buildine of the road, the Contractor Temporary 

u 11 ^ u- ^ • A Crossings. 

shall at his own expense put m temporary wagon 
crossings made of ties whenever required by the 
city authorities. He shall also as far as possible 
keep the street open for traffic . 
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All poles shall be set 6 feet in the ground. 
Those which support curves or terminals shall be 
set in concrete. In straight line work, the poles 
shall be spaced not more than 1 15 feet apart. 

The trolley wire shall be placed as nearly as Suspensions, 
possible over the center line of the track. The 
distance from the rail to the trolley wire shall not 
be less than iS feet nor more than 20 feet. The 
trolley wire shall be anchored at all curves and at 
all crossings. The connection between the span 
wire and the trolley wire shall be by means of a 
hanger of standard design to be approved by the 
Engineer, and the connection between the hanger 
and the trolley wire shall be by means of a soldered 
ear, 15 mches long. All joints in the trolley wire 
shall be made at suspensions by means of splicing 
ears. No splicing sleeves shall be used. 

The trolley wire over curves must be so located 
that the trolley wheel rounds the curve without leav- 
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ing the wire. Pull-o£fs must be located not further 
apart than 4 feet. Where necessary, the Con- 
tractor shall furnish crossings and switches to be 
located in the trolley wire at turn-outs. 

Lightning arresters shall be located along the 
track not more than 3,000 feet apart. They shall 
be of a design to be approved by the Engineer, 
who shall designate their exact location and the 
manner in which they shall be connected to the 
feeders and trolley wire. They shall be grounded 
by means of a No. 6 insulated copper wire, soldered 
to a copper plate not less than one square foot in 
area, buried in a bed of wet, crushed charcoal, at 
least 6 feet deep in the ground. 

Feeders shall be furnished according to the 
drawings above enumerated. They shall be drawn 
into the power house and their ends left long enough 
to connect with the switchboard. The Contractor, 
however, will not be required to make this connec- 
tion. The Contractor will be required to furnish 
the ground feeders for connecting the rails with the 
switchboard. He will make the connection with the 
rails as indicated in the feeder drawing and will 
leave the ends of these feeders long enough to con- 
nect with the switchboard. 

R. McC. 
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OONTRAOTOR'S BONDS. 
184. Oontract Bond or Surety. It is a very general 

cu6tom in all important work to require the contractor to fur- 
nish a bond for the faithful and complete performance of his 
contract. Sometimes these bondsmen or sureties sig^ with the 
contractor, as in the case of the St. Louis contracts, exemplified 
in article i68. It is more usual, however, to make this bond a 
separate document, following immediately the signatures of the 
contract itself. 

Bonds are always executed under seal, and are therefore 
special contracts, since the bondsmen are not usually paid a 
consideration for the service rendered, and a sealed contract 
does not require a consideration to enforce it. 

In case the original contract and specifications are deviated 
from in the execution of the work to any material extent, with- 
out the consent of the bondsmen, these lattdV are thereby 
released from their bond. Since such changes are nearly always 
made in the execution of engineering work after the contracts 
are signed, and since these are usually made without consulting 
the bondsmen, these latter are as a rule thereby released from 
all obligations, and the bond becomes of no effect. Even 
though the bondsmen be consulted in the matter of changes, 
they are not obliged to give their consent, and usually perhaps 
would not, in which case material changes could be made only 
by releasing the bondsmen. The practice, therefore, of secur- 
ing the faithful performance of engineering contracts by means 
of bonds is a very unsatisfactory one. It would be better 
always to confine the contract strictly to the principals to the 
agreement, and to secure guaranties of faithful performance in 

some other manner than by the execution of a bond by outside 
parties, so far as engineering and building contracts are con- 
cerned. The form of bond given below is that used by the city 
of Boston, and may be taken as a general type of such a docu- 
ment. 
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CONTRACT BOND OR SURETY. 

Kfiow all Men by these Presents^ 
That we 



are held and firmly bound unto- the City of Boston, in the sum 
of 



dollars to be paid to the City of Boston, or its certain attorney, 
its successors and assigns, for which payment, well and truly to 
be made, we bind ourselves, our heirs, executors, and adminis- 
trators, jointly and severally, firmly by these presents. 

The Condition of this obligation is such that 
if the above-bounden ^ „ „ 



shall well and truly keep and perform all the terms and condi- 
tions of the foregoing contract for excavation for stripping and 
shallow flowage and for building two roads, at Basin No. 5, in 

Southborough, on part to be kept and performed, and 

shall indemnify and save harmless the said City of Boston, as 
therein stipulated, then this obligation shall be of no effect; 
otherwise it shall remain in full force and virtue. 

In Witness Whereof^ we hereto set our hands and seals on 

this day of in the year eighteen hundred 

and ninety four. 

_ .*. [Seal.] 

—« [oEAL. J 

^ [Seal.] 

[Skal.] 

[Seal.] 

Signed and Sealed in presence of 
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185. Indexxmity Bond. The following is a common 
form of bond to cover all liens which may arise from a failure 
of the contractor to pay for his labor and materials. 

Know all Men by these Presents: That of 

as principal, and of as surety, are held and firmly 

bound unto the in the penal sum of dollars, to 

the payment of which well and truly to be made we bind our- 
selves, our heirs, executors, administrators and assigns firmly by 
these presents. 

Signed this day of 189 — . 

The Condition of the above Obligation is such that: 

Whereas, the said has this day entered into a con- 
tract in writing with the said for the grading and con- 
struction of a certain with ditches, roadways, and other 

works connected therewith, as more specifically set forth in said 
contract : 

Now, Therefore: If the said shall well and 

truly perform his part of said contract, and each and every cov- 
enant and agreement therein contained, and shall indemnify 

and save harmless the said from and against all damages 

which it may sustain by reason of liens for labor and materials 
furnished for said work, or by reason of the failure of said 

to pay the wages and earnings of any of the 

laborers or mechanics employed by him as such contractor, in 
and about said work ; or by reason of his failure to pay for any 
materials, provisions or goods of any kind furnished, or by 
reason of any just debts incurred in carrying on said work ; and 

if the said shall pay to the said all sums of 

money, damages, or costs and expenses which it may be com- 
pelled to pay, or which it may sustain by reason of his failure 

as aforesaid, and if the said shall pay all laborers, 

mechanics and material men, and persons who may have sup- 
plied provisions or goods of any kind, all just debts due to such 
persons, or to any person to whom any part of such work was 
given, then this obligation shall be void, otherwise of full force 
and effect. 

Seal. 
Seal. 
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APPENDIX A. 

PRELIMINARY SURVEYS AND EXAMINATIONS FOR BRID6B 

RENEWALS. 

The following Instructions to Assistant Engineers are 
used by the engineer of bridges and buildings on the C, M. & 
St. P. R'y, and are inserted here as an illustration of the scope 
and character of the inquiries and investigations necessary for 
an intelligent solution of the problem in hand. It is only by 
means of such complete and detailed information that all future 
contingencies can be foreseen and provided for, so that there 
shall be no * 'unexpected" to happen. It is a common saying 
that ''the unexpected always happens." In good engineering, 
"It is only the unexpected which can happen," since what was 
anticipated has been fully provided against. In the best engi- 
neering designs, however, every possible contingency has been 
foreseen and provided for, so there is no unexpected left which 
can happen, and hence security and permanence are assured in 
advance. The following instructions are a good illustration of 
this kind of preliminary survey of the problem which puts the 
engineer in a position to perfectly fit the design to all the con- 
ditions of the problem : 

Instructions to Assistant Engineers in Regard to Surveys for 

the Renewal of Wooden Bridges with Perma" 

nent Structures. 

(i) Gather information from the chief engineer's office 
and from the office of the engineer and superintendent of 
bridges and buildings relative to the grade, alignment, right- 
of-way for embankment and borrow pits, second track con- 
struction, contracts relating to crossings or cattle passes, recom- 
mendations already made by others as to style of reconstruction 
and any other matters that are liable to have a bearing on work 
in question. 

(2) Determine the elevation of base of rail above an 
assumed datum across the bridge and for a distance of 1,000 
feet on each side of it, at intervals of 100 feet, or less when the 
irregularities of the track make it necessary. 

(3) Consider the question of changing grade and note 
the kind, condition and depth of ballast as well as other points 
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that will assist in determining the expense and practicability of 
making a change. 

(4) Obtain particularly notes of the ground surface that 
will be covered by the proposed structure or embankment, by 
determining its elevation on the center line of bridge and when 
necessary on each side of same. These heights may be meas- 
ured from the base of rail at each bent or panel point but should 
refer to the datum used in the survey, and additional notes 
should be made of intermediate irregularities that would con- 
cern the height of pedestals located between bents. 

(5) Establish and note two bench marks on solid objects, 
conveniently located, one each way from the bridge, and which 
are unlikely to be disturbed during the construction of the per- 
manent structure. For ordinary cases a track spike driven in 
a telegraph pole will be suitable. 

(6) Note the alignment of the track at the structure and 
consider whether there is any evident reason for changing same. 

(7) Consider the question of second track construction as 
concerning any change in alignment or in location of bridge. 
Conclude on which side of the present track the second track 
should be constructed and make note of the grounds for your 
conclusion. 

(8) When track across the bridge or near the bridge is 
curved make full notes of elevation of outer rail. If the point 
of curve is so located that the elevation of outer rail on bridge 
is varying, determine by eye the location of point of curve 
and of the point where the elevation is commenced. On iron 
bridges the elevation should be constant when practicable. 

(9) Take notes for a sketch of the water course for a 
sufficient distance on each side of the bridge, to determine 
whether a change in location of channel or an improvement in 
the channel is advisable, and indicate your recommendations in 
this regard, remembering that the most favorable condition for 
a bridge is usually a deep channel at right angles to the railway 
for some distance above and below the bridge. Contours in 
the immediate vicinity of the bridge should be sketched in. 
Ordinarily this can be done with sufficient accuracy by the eye, 
or by taking a few offsets. 

(10) Ascertain the nature of foundations, whether soft, 
requiring pile foundations, or of sand, or of hard clay, or of 
rock. Reports should state the character, depth and dip of the 
strata. 

(ii) Ascertain present, ordinary and extreme high water 
marks. Inquire into cause of high water; whether by ordinary 
heavy rains, by water-spout, by damming from accumulations 
of drift or ice, or by overflow from other water courses, or 
from other causes which may be apparent. 



444 COMPLETE SPECIFICATIONS. 

(12) Note the probability of ice, drift-wood, hay, corn- 
stalks, fencing, etc., lodging against the proposed iron bridge. 

(13) Take notes of the size of channel, area of waterway 
required, direction of current, etc. 

(14) Ascertain if there is to be provided under the 
bridge a public or private roadway, wagon-pass or cattle-pass, 
with dimensions and conditions controlling the same. 

(15) If any portion of the bridge is to be filled, make an 
examination of the ground and state where the material can be 
obtained, and whether inside of the boundaries of the right-of 
way, or on land which will have to be purchased. 

(16) Ascertain whether any additional right-of-way is 
required for any purpose connected with the work, and if so 
note location and amount. 

(17) Examine as to a suitable location for a stone yard, 
and for the storing of piles, timber and iron-work ; also as to 
convenient locations for derricks and what provision will be 
required for suitable anchorage for derrick guys. 

(18) If the proposed reconstruction involves any ques- 
tion of purchasing land or privileg^es, report the situation with 
advice, but avoid conversation with property owners which 
would in any way interfere with relations that may be estab- 
lished later between them and an agent authorized to make 
purchases or settle claims. 

(19) Inquire as to the accommodations for boarding and 
lodging for workmen and how they can get to and from their 
work. 

(30) Inquire into the condition of train service at the 
location with regard to the frequency of trains and the speed at 
which they ordinarily run over the bridge. 

(21) If piles are to be driven, make your recommenda- 
tion as to whether they should be driven with a land or track 
driver, and if with a track driver, state the nearest side-track 
to which it must retreat for passage of trains. 

(22) Make preliminary estimates of the cost of the per- 
manent structure, taking your prices from the tables of cost of 
iron bridges and abutments which are furnished you and from 
them make your recommendation for the permanent bridge. 

(23) Make your recommendations as to the angles of 
piers and abutments, remembering that a square span is one in 
which its ends are at ri^^ht angles to its longitudinal axis, and 
in a skew span the angle of skew is the enclosed angle between 
the end of the span and a line at right angles to its longitudinal 
axis. 

(24) Make your recommendation as to what riprapping 
is required, with the amount and method of using it. 
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(25) Advise what is the best season of the year in which 
to do the work with reference to high water, ice, cold weather, 
interruption of traffic, facility for obtaining labor and material, 
etc. 

(36) Report any information you can obtain with refer- 
ence to using local material in the work, such as piles, timber, 
lumber, stone, sand, brick, etc. 

(27) Avoid confusing terms in your notes. For instance 
the term "base of rail" is preferable to * 'grade." See B. & 
B., Rule 7 g. , 

FINALLY. After obtaining information on the points 
hereinbefore mentioned and all other data which you can find 
within your reach, consider the question of renewal just as if 
you had to make the full decision and were responsible for 
building the best bridge with the greatest economy and least 
risk; and make your report in such shape that the draughting 
office will have all the instruction which it requires for making 
the plans. This information may be furnished in writing and 
on a profile and map, and you are cautioned that your work 
will be judged by your giving the fullest accurate information 
with the fewest notes and the least amount of drawing. 

O. B. 
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Drainage, provision for 114 

Drawings 401 

Duty trials of pumping engines . 291 



Page. 
Earthen dam, specifications for. 142 
Earthwork, specifications for. . 134 
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for 176 

asphaltum, specifications 

for 178 
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granite, specifications for.. 185 

Paving 385 

Paving brick, specifications for. 172 
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work 297 
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Performance.' 

specific 62 
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Piling-sheet 380 

Plastering 384 
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of property and liven. .10^ 296 
against claims for use of 
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contract and specifi- 
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Rejection of bids 70 
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ciation 216 

for classifying lumber. ...217 
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livery of 202 

Water pipe, specifications for 

laying 210 



Pack. 

Water wheels, turbine 25S 

Water works, complete specifi- 
cations for dam No. 
5, Boston water- 
works 367 

Waiver of legal rights 35 

Well, pumping, specifications 

for 255 

Work, general description 

oi 374»375 

suspension of 104, 298 

Workmanship 304, 338 

Workmen, character of 91, 389 

Workmen's quarters 112 

Wrought iron, specifications 

tor 227 



t^ 



THE NEW YORK PUBLIC LIBRARY 

• REFERENCE DEPARTMENT 


TU> book •■ 

Uk 


Boder no cirDumitaaoo lo b* 
en rrom (he BuildinC 




























































































...»«. 







